Multivariate Sovereign Risk Modeling : Modeling Sovereign Bond Yield and Credit Default Swap Spreads in Parametric and Non-Parametric Frameworks by Kamtzi, Tenzin
  
Zurich University of Applied Sciences 
ZHAW 
 
School of Management and Law 
Department Banking, Finance, Insurance 
 
 
Bachelor of Science in Business Administration 
Specialization in Banking and Finance 
 
- Bachelor Thesis - 
 
Multivariate Sovereign Risk Modeling 
 
Modeling Sovereign Bond Yield and Credit Default Swap Spreads  
 in Parametric and Non-Parametric Frameworks 
 
Presented by: 
Tenzin Kamtzi 
kamtzten@students.zhaw.ch 
12-483-988 
 
Submitted to: 
Dr. Peter Schwendner 
 
 
Winterthur, May 26th 2016 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  i 
 
 
Declaration of authorship 
 
I hereby declare that this thesis is my own work, that it has been generated by me with-
out the help of others and that all sources are clearly referenced. I further declare that I 
will not supply any copies of this thesis to any third parties without written permission 
by the director of this degree program. 
I understand that the Zurich University of Applied Sciences (ZHAW) reserves the right 
to use plagiarism detection software to make sure that the content of this thesis is com-
pletely original. I hereby agree for this thesis, naming me as its author, to be sent abroad 
for this purpose, where it will be kept in a database to which this university has sole 
access. I also understand that I will be entitled at any time to ask for my name and any 
other personal data to be deleted. 
Furthermore, I understand that pursuant to § 16 (1) in connection with § 22 (2) of the 
federal law on universities of applied sciences (FaHG) all rights to this thesis are as-
signed to the ZHAW, except for the right to be identified as its author. 
 
Student’s name (in block letters) 
Tenzin Kamtzi 
 
Student’s signature 
 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  ii 
 
 
 
Lecturer’s statement concerning publication 
 
This statement concerns the publication1) of the bachelor thesis “Multivariate Sovereign 
Risk Modeling”. 
 
This bachelor thesis 
 shall not be published. 
 shall remain unpublished until (year) 
 
. 
 is hereby released for unlimited publication. 
 
 
,  ……………………………………... 
(Place, date) (lecturer’s signature) 
 
 
 
 
 
 
 
 
1) “Publication” includes making the thesis available to be read in house, or its distribution to others at 
cost price or on loan. 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  iii 
Management Summary 
The worldwide financial crisis of 2008 has shaken the very foundations of modern fi-
nancial theory, which rested on the hypothesis that financial markets were efficient. 
Since markets have been inconsistently pricing sovereign risk, recent studies suggests 
that there may be “multiple equilibria” between sovereign risk prices and underlying 
fundamentals. As a consequence, scientific papers focus on analyzing government risk 
and its determinants. For this purpose, most studies employed parametric models in or-
der to examine the impact of variables on sovereign risk. However recent scientific 
studies suggest that these parametric models are not an appropriate approach to model 
the non-linear dynamics of sovereign risk markets. 
In this study there are two different modeling techniques applied in order to veri-
fy whether non-parametric models estimate sovereign risk measures more accurately 
than parametric models. Moreover, it is aimed to expose indications of multiple equilib-
ria on the European sovereign risk markets based on an ex-post analysis. 
In order to evaluate estimation accuracy and explanatory power of parametric 
and non-parametric models, there are 16 different European sovereigns assessed by re-
garding an estimation error indicator. Indications of multiple equilibria are exposed by 
focusing on dynamics of determinants and with respect to the individuality of European 
sovereigns. For this purpose, we employed a three-stage panel data analysis. 
The empirical results revealed complex and dynamic European sovereign risk 
markets. We found that non-parametric models generally connect more accurately un-
derlying fundamentals to actual spreads than generic parametric models, even though 
qualitatively are both models similar. The dynamics of sovereign risk markets is mani-
fested in alternating sensitivity of certain fundamentals as well as in time-varying risk 
determinants, which indicates an inconsistent perception of the market equilibria. Final-
ly, we found that market participants distinguish consciously the geographical affiliation 
of a sovereign by charging discernible risk premium. 
The empirical results suggest that since global financial crisis debt-related macro 
variables have been gaining in importance. In particular, we found in combination with 
high unemployment rate countries reflect high likelihood of default. This finding may 
provide valuable early warning signals to countries that move towards dangerous risk 
paths.
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1. Introduction 
The study of the informational efficiency is maybe one of the most elusive issues in 
financial economics according to Zunino, Bariviera, Guercio, Martinez, and Rosso 
(2012, p. 4342). In fact, theory states that movements in financial asset prices, such as 
bond or stock prices reflect new information about fundamental asset value (Fleming & 
Remolona, 1997, p. 3). This implies that returns of securities depend to a great extent 
not only on current information but also on historic information as well as future expec-
tations. Therefore, the traditional definition of informational efficiency describes a mar-
ket, where prices fully reflect all available information (Zunino et al., 2012, p. 4343). 
According to Malkiel (2011, p. 5), it is possible that the full effect of the new infor-
mation is not immediately obvious to market participants. Some market participants 
may underestimate the significance of new information but others may overestimate its 
value. Therefore, in some cases, the market may underreact to a favorable piece of 
news.  
The worldwide financial crisis of 2008 showed that financial markets are appar-
ently not as efficient as theory states in pricing sovereign risk. Following the interna-
tional financial crisis, fiscal imbalances increased in most of European economies, re-
flecting the high fiscal cost of the measures taken to contain the fallout from the credit 
crisis. These developments have been followed by a sovereign debt crisis in 2009, 
which was manifested in financial markets turbulences (Afonso, Arghyrou & Kontoni-
kas, 2012, p. 4). Some observers and policy makers argue that financial markets have 
been overreacting and overpricing sovereign risk since the subprime crisis (Beirne & 
Fratzscher, 2013, pp. 60 – 61). Whereas according to De Grauwe and Ji (2012, p. 17), 
others state that financial markets have been systematically wrong during 2001 and 
2008 and take the view that markets estimate now sovereign risk correctly. 
Recent scientific literature suggests mispriced sovereign risk as well. De Grauwe 
and Ji (2012, p. 17) conclude in their study that the story of the Eurozone is also a story 
of systematic mispricing of the sovereign debt. Beirne and Fratzscher confirm that if 
one takes the relationship between fundamentals and sovereign risk during the pre-crisis 
period 2000 – 2007 as the true relationship, then sovereign risk is indeed substantially 
overpriced in many European economies (Beirne & Fratzscher, 2013, p. 61). In a statis-
tical point of view, Bernoth and Erdogan (2010, p. 1) confirm that general pricing of 
s
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reacted more strongly to different risk variables than they did before (Bernoth & Er-
dogan, 2010, p. 1). This result is confirmed by Beirne and Fratzscher, who add that 
price of sovereign risk has been much more sensitive to fundamentals during the 2008 – 
2011 crisis. Moreover, their findings suggest that there may be “multiple equilibria” 
between sovereign risk prices and underlying fundamentals (Beirne & Fratzscher, 2013, 
pp. 61 – 62).  
A ‘true’ estimation of sovereign systemic risk is of fundamental financial im-
portance from a public policy as well as from an investment perspective. The early de-
tection of such misprice may provide valuable early warning signals to countries that 
move towards dangerous risk paths. Moreover, given the size of most sovereign bonds, 
even incremental change in bond price may entail significant costs for the taxpayer 
(Manganelli & Wolswijk, 2009, p. 193). Therefore, a reliable estimation of sovereign 
risk is of particular importance. As a consequence, there are a number of literatures on 
sovereign risk focusing on analyzing the determinants of risk indicators. Most studies 
employ parametric models in order to estimate the impact of variables on sovereign 
risk. In particular, majority of studies use simple linear factor models, which assume a 
constant relationship between the explanatory variables and the government risk meas-
ure. In order to examine particular effects and characteristics of the underlying funda-
mentals, most studies work in panel data frameworks. However, according to Bernoth 
and Erdogan (2010, p. 1), these parametric models are not an appropriate approach to 
accurately model the non-linear dynamics of sovereign risk markets. In fact, studies, 
which conduct such parametric models, found that strength of market discipline varies 
over time. Hence, it might be more plausible to think of coefficients changing gradually 
over time, rather than having a constant relation between the variables. For this purpose, 
recent scientific literatures such as Bernoth and Erdogan (2010) or Arakelian, Dellapor-
tas, Savona and Vezzoli (2015) rather rely on non-parametric models.  
This leads to the research questions: Can a non-parametric model connect sov-
ereign risk and a set of exogenous variables more accurately than a multifactor model? 
Moreover, is it possible to find indications of multiple equilibria on the European sover-
eign risk markets? 
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The purpose of this paper is to employ two different statistical modeling ap-
proaches to evaluate the effectiveness in explaining European sovereign risk by using a 
set of variables. Moreover, the European sovereign risk market is examined with focus 
on determinants of market equilibrium respectively pricing behavior of market partici-
pants. Hence, it is a comprehensive analysis setting conducted in order to investigate the 
generic properties of sovereign risk and its determinants, country-related effects of de-
terminants as well as dynamics of pricing behavior. In general, this paper provides an 
overview of different aspects of the European sovereign risk markets and what sort of 
analysis framework is able to contribute to further findings in this field of research. 
The aim of this paper is two-fold. Initially, we state whether sovereign risk can 
be better explained in a non-parametric framework than in a multifactor setting by em-
pirically modeling risk measures and evaluating the estimation accuracy. For this pur-
pose, it is applied an ex-post analysis approach in a simple multiple regression and a 
classification and regression tree (CART). Second, we intend to suggest the presence of 
multiple equilibria in the European government risk markets by focusing on dynamics 
in pricing behavior of market participants. Therefore, we examine particularly the dy-
namics of determinants of sovereign risk in a panel data setting, since panel models al-
low adding effect-specific coefficients to capture and quantify these dynamics. Hence, 
the focus of this study is on examining the general characteristics of European sovereign 
risk markets and modeling historical sovereign risk measures by using two different 
techniques. Every kind of legal framework is out of scope for this paper. Similarly, po-
litical interventions are also not taken into consideration in this analysis. 
The rest of the paper is organized as follows. Section 2 gives an overview of the 
related literature. The focus of the literature analysis is on selection of sovereign risk 
measures and commonly used determinants. Moreover, different scientific approaches 
in terms of analysis of sovereign risk determinants are consulted. Section 3 provides 
detailed information about the definition of the conducted variables and the applied 
technical procedures. Section 4 reports the results and discusses to related empirical 
findings and Section 5 addresses the policy implications of our analysis and concludes. 
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2. Literature Analysis 
In response to the European sovereign debt crisis, a number of recent empirical studies 
have attempted to identify influence factors of sovereign risk. By consulting recent pa-
pers on European sovereign risk, we discuss and conclude the relevant aspects of ana-
lyzing the European sovereign risk market. 
The literature review of this paper is structured as follows. First, we discuss 
which indicators for sovereign risk are generally applied. Second, which driving varia-
bles are typically considered and what results are contributed so far. Third, we discuss 
what kind of modeling and analysis techniques are conducted. Fourth, we consolidate 
approaches in terms of different classification criteria in order to capture country- and 
time-specific effects. In the last section, we conclude the most relevant findings of the 
literature analysis. The following Table 1 gives a brief overview of the consulted litera-
tures. 
 
 
Table 1: Overview of Literature Analysis 
Overview of relevant studies on the sovereign risk analysis
Author Conclusion
Sovereign Risk Indicators
Afonso et al. (2012) Bond yield spreads: spreads against German Bund
Fontana and Scheicher (2010) CDS spreads and bond yield spreads repricing mostly due to common factors
Beirne and Fratzscher (2013) Both risk measures show qualitatively similar results
Fontana and Scheicher (2010) CDS basis should be close to zero due to arbitrage trading
Sovereign Risk Determinants
Beirne and Fratzscher (2013) International risk factor: US VIX index
Arakelian et al. (2015) Country-specific risk factor: unemployment rate,GDP growth rate, inflation rate, debt-to-GDP ratio
De Santis (2012) Liquidity risk indicator: bond specific bid-ask spreads 
Beirne and Fratzscher (2013) Standard Interpolation Approach, duet to unavailability of time frequency
Aizenman et al. (2013) Prediction error ratio, relative comparability of prediction power
Time and Country Effects
Aizenman et al. (2013) Classification of countries: SWEAP group, emerging and advanced economies
Afonso et al. (2012) Suggest a dichotomy between core and periphery European countries
Afonso et al. (2012) Determinants of government bond spreads in Europe have changed significantly over time
Beirne and Fratzscher (2013) Pricing sovereign risk much more sensitive to fundamentals during 2008 and 2011 than in pre-crisis
Beirne and Fratzscher (2013) Fundamentals explain substantially higher share of movements during 2008-2011 than in pre-crisis
Afonso et al. (2012) Since summer 2007 movements of macro and fiscal fundamentals explain spread movements well
Beirne and Fratzscher (2013) No discrimination in pricing during pre-crisis, but different premia during crisis
De Grauwe and Ji (2012)
Codogno et al. (2003) Market priced risk based on GDP growth rate and inflation rate during pre-crisis period
After years of neglecting high debt-to-GDP ratio, investors became inreasingly
worried about high debt-to-GDP ratios in Eurozone
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2.1. Sovereign Risk Measures 
The selection of sovereign risk indicator varies typically between bond yield spreads 
and credit default swap (CDS) spreads. However, there is a minor of studies such as 
Beirne and Freitscher (2013), who consider sovereign credit ratings as a proxy of sover-
eign risk. In general, studies defining sovereign risk by taking a financial market per-
spective and analyze how markets price sovereign risk. In fact, the majority of the litera-
ture on sovereign risk such as Attinas et al. (2009), Afonso et al. (2012), De Grauwe 
and Ji (2012) or Bernoth and Erdogan (2013) use yield spreads as an indicator of gov-
ernment risk. Afonso et al. (2012, p. 3) find that government bond yield spreads are 
generally well explained by macro and fiscal fundamentals. Even though, using bond 
yields requires an adjustment in respecting the sovereign risk free rate. Some studies 
such as Afonso et al. (2012), De Grauwe and Ji (2012) or Hull, Predescu and White 
(2004) respect spreads against Germany, whereas other papers such as Fontana and 
Scheicher (2010) consider the Euro Interbank Offered Rate. In fact, using the German 
Bund as the risk free rate requires that Germany is free of default risk (De Grauwe & Ji, 
2012, p. 1). 
In contrast, more recent studies such as Aizenman, Hutchison and Jinjarak 
(2013) or Arakelian et al. (2015) employ sovereign credit default swaps as sovereign 
risk indicator. According to Fontana and Scheicher (2010), modeling is typically ori-
ented towards interest rate risk or liquidity risk, rather than default risk. In the context of 
the intensification of the debt crisis has attention turned to default risk in the Eurozone. 
The sovereign CDS market activity has grown strongly for trading as well as for hedg-
ing reasons (Fontana & Scheicher, 2010, pp. 6 – 7). In fact, sovereign CDS spreads are 
an interesting alternative to bond prices. While bond yield data usually consist of indi-
cation of dealer, CDS data provided by a broker consist of firm bid and ask offer quotes 
from dealer. Another attraction of CDS spreads is that they are already credit spreads 
and thus no adjustment is required (Hull et al., 2004, p. 2792). According to Aizenman 
et al. (2013, p. 39), sovereign CDS spreads represent the payments that must paid by the 
buyer of CDS to the seller for the contingent claim in case of a credit event. In this case 
the buyer is fully compensated by receiving its recovery value from the protection sell-
er. Therefore, it is an excellent proxy of market-based default risk pricing (Aizenman et 
al., 2013, p. 39). However, in general, both sovereign CDS and government bonds re-
flect investor’s exposure to the risk and return of sovereign debt (Fontana & Scheicher, 
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2010, p. 15). Despite the fact that there is a difference between CDS spreads and the 
bond yield spreads, which is called the ‘CDS basis’. According to Fontana and Schei-
cher (2010, p. 5), the CDS basis should be normally close to zero due to arbitrage trad-
ing. 
In terms of data collection, sovereign risk indicators are considered at different 
maturities. The ten-year government bond yield spread is frequently used in studies 
such as Codogno, Favero, and Missale (2003), Manganelli and Wolswijk (2009) or 
Afonso et al. (2012). By contrast, CDS spreads are typically employed at five-year tenor 
in works such as Attinasi, Checherita-Westphal and Nickel (2009) or Arakelian et al. 
(2015). Aizenman et al. (2013), who focus particularly on CDS spreads, apply addition-
ally three and ten year CDS spreads. 
The empirical findings suggest a widespread consensus that both risk measures 
capturing similar market information. Fontana and Scheicher (2010), verify whether the 
same set of factors is priced in CDS spreads as well as in bond spreads. Their regres-
sions show that sovereign risk repricing seems mostly due to common factors (Fontana 
& Scheicher, 2010, p. 26). This is consistent with Beirne and Fratzscher (2013, p. 72), 
who employ sovereign bond yield spreads, as well as CDS spreads and find that both 
types of sovereign risk show qualitatively similar results by using the same set of mac-
roeconomic variables. Aizenman et al. (2013, p. 41) concludes as well that empirical 
studies suggest that sovereign interest rates and sovereign CDS spreads have common 
underlying causes, rather than one driving the other.  
2.2. Determinants of Sovereign Risk  
In related literature there are different variables to quantify sovereign risk drivers. 
Afonso et al. (2012, p. 6) states that most studies follow three main variables in order to 
model government risk: First, an international risk factor empirically approximated by 
spread between yields of US corporate bonds against US treasury bills and captures the 
level of perceived financial risk (Afonso et al., 2012, p. 6). Beirne and Fratzscher (2013) 
considers in their study US stock market volatility index (US VIX) as a proxy of global 
risk factor. Second, credit risk or also called country-specific risk reflecting the proba-
bility of default (Afonso et al., 2012, p. 6). As a proxy of sovereign default risk De San-
tis (2012) uses government budget deficit and sovereign ratings, which provide an as-
sessment of the likelihood of default. Third, liquidity risk factor captures the size and 
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depth of sovereign bonds market and reflects the probability of capital loss due to a 
price reduction resulting from a limited number of transactions. Liquidity risk is diffi-
cult to measure empirically, typically approximated by using bid-ask spreads or transac-
tion volumes (Afonso et al., 2012, p. 6). De Santis (2012) employs in his study bond-
specific bid-ask spreads of the corresponding maturity as a proxy of funding and liquidi-
ty risk. The credit risk premium indicates the financial compensation investors demand 
to cover the risk in case of government default. By contrast, the liquidity risk premium 
quantifies the extra interest rate an investor requires to be compensated for bearing the 
risk of having to liquidate the security at a lower price (Manganelli & Wolswijk, 2009, 
p. 195). It is unanimous in findings that liquidity and credit risk are reflected by spreads 
of European government bond markets. Moreover, these sovereign bond spreads are 
mainly driven by international risk aversion (Manganelli & Wolswijk, 2009, p. 194).  
The empirical studies of sovereign bond have so far focused on the assessment 
of credit quality by examining the influence of macroeconomic variables. According to 
Beirne and Fratzscher (2013, p. 70) the standard approach in the recent literature in-
cludes five fundamental determinants of sovereign risk: public debt-to-GDP ratio, fiscal 
balance to GDP ratio, real GDP growth rate, current account balance relative to GDP, 
and finally the international risk proxy. Furthermore, they argue that most important 
determinants for the price of sovereign risk are expected to be public debt level, fiscal 
deficit, growth and the current account (Beirne & Fratzscher, 2013, p. 61). Arakelian et 
al. (2015), employ in order to identify underlying indicators of sovereign risk based on 
CDS: Debt-to-GDP ratio, GDP growth rate, inflation rate and unemployment rate. Fur-
ther common macroeconomic factors used in studies are: GDP per capita, deficit-to-
GDP, service ratio, interest payments to GDP, country’s credit rating. By contrast, Lau-
bach (2005) considers expected and forecasted macro variables such as projected debt 
differential published by the Congressional Budget Office and the Office of Manage-
ment and Budget. Attinasi et al. (2009) and Bernoth and Erdogan (2010) employ in their 
studies projected deficit differential as well. Laubach (2005, p. 1) argues that deficit 
projected several years into the future may be informative about the longer-run fiscal 
position, and may therefore approximate investor’s expectations about the eventual lev-
el of government debt relative to GDP.  
Most studies find discernable relationship between country-specific risk fac-
tors and sovereign risk indicators under certain conditions in terms of country or time 
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period. The expected real GDP growth differential is statistically significant for the 
yield spreads of Belgium, Greece, Italy, Portugal and Spain (De Santis, 2012, p. 23). 
This is qualitatively consistent with Cantor and Packer (1996, p. 39) who state that a 
relatively high rate of economic growth suggests that a country’s existing debt burden 
will become easier to service over time. Laubach (2005, p. 18) finds that government 
projected deficit and government debt has a statistically and economically effect on in-
terest rates. Faini, Duranton, and Hau (2006, p. 489) confirm a significant effect of fis-
cal deficit and debt level on the bond yields of EMU countries. Aizenman et al. (2013, 
p. 54) confirm that fiscal space is relevant for CDS spreads as well. In addition they 
state that there is only between 2005 and 2010 a statistical significance. According to 
Cantor and Packer (1996, p. 39), higher government debt burden correspond to a higher 
risk of default. Expected inflation differential is statistically discernable for Austria, 
Belgium, Finland and the Netherlands. Cantor and Packer (1996, p. 39) state that infla-
tion is indeed related to sovereign default risk. When a government is unable or unwill-
ing to pay budgetary expenses through taxes or debt issuance, it must resort to inflation-
ary money finance. Therefore, high inflation rate indicates structural problems in the 
government’s finance (Cantor & Packer, 1996, p. 39). 
More recent studies use unemployment rate as a country-specific risk factor. Ar-
akelian et al. (2015) focus on identifying sovereign risk zones and contagion risk based 
on CDS levels. Findings suggest that all three models comprised unemployment rate in 
combination with debt-to-GDP ratio and represent significant sovereign contagion 
based on CDS levels (Arakelian et al., 2015 p. 15). Another country-specific risk factor 
is credit ratings. Afonso et al. (2012), find that sovereign credit ratings are statistically 
significant in explaining spreads. This is consistent with De Santis (2012) who finds 
credit rating information, as a proxy of sovereign credit risk is statistically significant 
and adds that it is associated with higher yield spreads in Greece, Ireland, Portugal and 
Spain (De Santis, 2012, p. 26). More general, Beirne and Fratzscher (2013, p. 68) find 
that there is a clear relationship between the rating and the market price of sovereign 
risk, whether measured by government bond yields or by CDS spreads. 
Several studies support the literature on sovereign risk by findings of interna-
tional risk and liquidity risk factors. Codogno et al. (2003, p. 29) suggest that bond 
yield spreads in the Eurozone are significantly affected by international risk factors. 
According to Attinasi et al. (2010, p. 10) the global risk factor is found to have a larger 
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impact in countries with high government debt ratios. In contrast, traditional liquidity 
measures, such as bid-ask spreads and trading volume have little effect on yield differ-
entials on Eurozone (Codogno et al., 2003, p. 29). However, they do not assert that li-
quidity has not become irrelevant in the pricing of sovereign bonds (Codogno et al., 
2003, p. 30). In fact, the empirical findings of the significance of a liquidity risk are 
unanimous. Attinasi et al. (2010, p. 10) argues as well that the literature does not pro-
vide clear-cut evidence on liquidity risk premium and its relative importance versus 
credit for sovereign bond markets. De Santis (2012) concludes that liquidity risk has 
played a marginal role during the crises. Moreover, they argue that international risk 
factors have not been the variable that can explain the crisis (De Santis, 2012, p. 27). 
Finally, Bernoth and Erdogan (2010, p. 10) find that the impact of fiscal variables and 
the global risk factor on European bond yield differentials varies considerably over 
time. 
In terms of data collection of endogenous as well as exogenous variables, there 
are different time frequencies considered. The majority of consulted paper, such as 
Codogno et al. (2003), Attinasi et al. (2009), Aizenman et al. (2013) or Beirne and 
Fratzscher (2013) employ monthly time series. By contrast, Bernoth and Erdogan 
(2013) collect quarterly quoted time series, while Attinasi et al. (2009) or Manganelli 
and Wolswijk (2009) consider even daily quoted data. However, typically there is a 
difficulty in terms of unavailability of time frequency, especially in macro- and fiscal 
variables. For this purpose, studies such as Beirne and Fratzscher (2013, p. 66) using 
standard interpolation approach. 
2.3. Empirical Frameworks 
In literature are different approaches applied in order to examine driving factors of sov-
ereign risk. Most of the studies rely on simple parametric models, where estimated be-
tas capture the degree of influence of the underlying fundamentals. Codogno et al. 
(2003) apply a multiple regression framework in order to examine yield differential of 
European bonds, while Manganelli et al. (2009) consider beside of influencing factors 
also country-specific fixed effects by employing panels. In fact, panel data settings are 
broadly used in sovereign risk analysis. Beirne and Fratzscher (2013) focus on the driv-
ers of sovereign risk and apply a standard panel model with country fixed effects as 
well. Afonso et al. (2012) assess the determinants of long-term government bond yields 
in the Eurozone, putting particular emphasis on their changing composition over time. 
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For this purpose, they employ a panel regression model as well. Further studies, such as 
Attinas et al. (2013) or Aizenman et al. (2013) using dynamic panel model to determine 
sovereign bond yield spreads respectively CDS spreads. Additionally, Aizenman et al. 
(2013, p. 48) calculate prediction errors for exposition purposes. The prediction error is 
calculated as a ratio of the actual relative to the estimated spreads as. 
Related to the complex and time-varying environment of the sovereign risk mar-
ket, it is essential to use appropriate methods to accurately model these non-linear dy-
namics. Bernoth and Erdogan (2010) state that during the crisis increase of government 
bond yield spreads can not purely be attributed to changes in macroeconomic funda-
mentals, but also to the fact that the general pricing of government credit risk has in-
creased over time, in the sense that financial markets reacted more strongly to different 
risk variables than they did before. Thus, the relationship between the variables proxy-
ing default and liquidity risk and government bond yield spreads may be time varying. 
Bernoth and Erdogan (2010) estimating the driving forces of sovereign bond yield 
spreads by employing time-varying coefficients in an additive nonparametric fixed ef-
fects panel model framework. Further studies, such as Arakelian et al. (2015) focus on 
identifying what constitutes sovereign systematic risk zones and applied also non-
parametric modeling tools, such as classification and regression trees (CART). 
2.4. Time and Country Effects 
A number of literatures reveal a complex and time-varying environment in the market 
of sovereign default risk. The significance of certain variables is time and geographical-
ly dependent and therefore appropriate approaches are necessary to accurately consid-
er these dynamics. On the one hand, several studies build as much as possible homoge-
nous groups of countries to facilitate a conclusion. Typically empirical studies such as 
Afonso et al. (2012) or Aizenman et al. (2013) focus on the five South-West Eurozone 
Periphery countries, or SWEAP group (Greece, Italy, Portugal, Spain and Ireland) or 
differ between emerging markets economies and advanced economies in order to identi-
fy whether there is a variation of sovereign risk sensitivity across countries. On the oth-
er hand, they divide their time series in specific periods. Beirne and Fratzscher (2013) 
divide their data stream into pre-crisis and crisis. Other studies, such as Afonso et al. 
(2013) focus on the crisis in particular and therefore they split the time series into pre-
ceding the crisis 1999.01 – 2007.07, period during crisis as well as preceding sovereign 
debt crisis 2007.08 – 2009.02 and third, the period which the global financial crisis mu-
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tated into a sovereign debt crisis 2009.03 – 2010.12. Such classifications enable more 
specific and accurate conclusion.  
There are various country- as well as time-specific findings in sovereign risk 
literatures. In general, empirical results can be divided into pre- and post-crisis. Afonso 
et al. (2012, p. 24) find that during the pre-crisis period macro- and fiscal-fundamentals 
are generally not significant in explaining spreads. By contrast, Beirne and Fratzscher, 
who find that public debt level, fiscal deficit, current account, explain very little as well, 
but add that these conventional variables have much more explanatory power for sover-
eign risk in other advanced economies (Beirne & Fratzscher, 2013, p. 61). More specif-
ic, Bernoth and Erdogan (2010, p. 19) state that financial markets paid no attention to 
government deficit ratios.  
In context of mispricing, Aizenman et al. (2013, p. 39) find that risk of default in 
the SWEAP group appeared to be “underpriced” relative to international norms in the 
period prior to the global financial crisis. Econometrically, this misprice can be com-
pared to a lack of explanatory power. However, SWEAP countries are substantially 
overpriced during and after the crisis, especially in 2010, with actual CDS values much 
higher than the model would predict given fundamentals. This is consistent with Beirne 
and Fratzscher, who find that the price of sovereign risk has been much more sensitive 
to fundamentals and that fundamentals explain a substantially higher share of the 
movements and cross-country differences in sovereign risk during the 2008 – 2011 cri-
sis than in the pre-crisis period. Moreover, they find a negative correlation between the 
mispricing of sovereign risk. Those countries for which sovereign risk was underpriced 
in the pre-crisis period were also those that became overpriced relative to economic 
fundamentals during the crisis (Beirne & Fratzscher, 2013, p. 61). According to Aizen-
man et al. (2013), one potential explanation for the switch from under- to over-pricing 
of default risk is that markets were forward looking, not pricing entirely on current fun-
damentals but on expected further deterioration in future SWEAP fundamentals 
(Aizenman et al., 2013, p. 39). Another explanation by De Grauwe and Ji (2012, p. 17) 
is that after years of neglecting high debt-to-GDP ratios, investors became increasingly 
worried about the high debt-to-GDP ratios in the Eurozone, and reacted by raising the 
spreads. In other words, market-priced risk of sovereign default follows waves of con-
tagion, overreacting and mispricing risk of sovereign default over a period of several 
years. Beirne and Fratzscher (2013, p. 61), further state that their empirical findings 
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suggest the presence of multiple equilibria between the market price of sovereign risk 
and underlying fundamentals, which depend on existing market expectations. More de-
tailed, Bernoth and Erdogan argue that the strong increase of sovereign bond yield 
spreads can be attributed to three factors: first, an increase in general investors’ risk 
aversion; second, a deterioration of the fiscal position of European governments; third, 
an increase in the price of risk (Bernoth & Erdogan, 2010, p. 20). Afonso et al. (2012, p. 
24) find that since crisis in summer 2007 movements of macro and fiscal fundamentals 
explain spread movements well and in a way consistent with theoretical expectations. 
This finding suggesting that markets are now pricing risks which they did not consider 
previously, even well within the crisis period. Thus, markets are now pricing liquidity 
and maturity of debt issuance according to Afonso et al. (2012, p. 24). In contrast, Cod-
ogno et al. (2003, p. 29) state that liquidity indicators have little effect before crisis. 
2.5. Literature Conclusion 
All in all, current empirical findings reveal a complex and time-varying environment in 
the market of European sovereign risk. One the one hand, an accurate empirical ap-
proach to consider these dynamics is essential. On the other hand, the selection of vari-
ables and indicators affects the quality of the findings as well.  
In literature are various different frameworks established in order to examine 
driving factors of sovereign risk. Most empirical works apply panel data regression ap-
proaches such as Afonso et al. (2012), Beirne and Fratzscher (2013), or Aizenman et al. 
(2013) to identify sovereign risk determinants. However, Bernoth and Erdogan (2010) 
state that during the crisis the general pricing of government credit risk has increased 
over time, in the sense that financial markets reacted more strongly to different risk var-
iables than they did before. Thus, the relationship between the variables proxying risk 
and government bond yield spreads may be time varying. Some studies, such as Ara-
kelian et al. (2015) employ statistical modeling tools to consider these non-linear dy-
namics in particular. 
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Related to the complexity and time-varying environment in the sovereign risk 
market, studies often build homogenous groups of countries to make precisely conclu-
sions. Moreover, in order to respect the non-linear time effects, most empirical works 
tend to create time buckets. In general, studies found that sovereign risk market differs 
considerably between pre- and post-crisis. On the one hand, macro- and fiscal funda-
mentals are generally not significant in explaining spreads (Afonso et al. 2012, p. 24). 
More specific, Bernoth and Erdogan (2010, p. 19) state that financial markets paid no 
attention to government deficit ratios before the financial crisis. On the other hand, 
SWEAP group appeared to be “underpriced” (Aizenman et al., 2013, p. 39). However, 
they are substantially overpriced during and after the crisis. Beirne and Fratzscher 
(2013, p. 61), further state that empirical findings suggest that there may be multiple 
equilibria between the market price of sovereign risk and underlying fundamentals, 
which depend on existing market expectations.  
In conclusion, regarding the complex and time-varying environment, empirical 
findings suggest that simple linear models are not able to take these non-linear dynam-
ics accurately into account. Thus, this statement leads to the hypothesis that multifactor 
models are not able to handle the non-linear dynamics of the sovereign risk market. 
Furthermore, it is stated that SWEAP countries underpricing sovereign risk in the pre-
crisis period, while overpricing sovereign risk during and after crisis. Hence, the equi-
librium of sovereign risk market varies over time. The findings of Beirne and Fratzscher 
(2013) suggest the presence of more than one market equilibrium. This leads to the hy-
pothesis that market perceives different equilibria of sovereign risk. 
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3. Methodology 
In this section, we describe our empirical approach by considering the conducted litera-
ture analysis as well as the defined research questions. The starting point to motivate 
our empirical analysis is fourfold: first, we set up an analysis framework by defining the 
endogenous variables respectively the sovereign risk indicators; second, we define the 
applied exogenous variables set, which consists of international, country-specific and 
liquidity risk factors; third, we describe our data sample and also which groups of coun-
tries and time periods we consider in our study; fourth, we establish our comprehensive 
analysis framework. Finally, a conclusion of the methodology gives an overview of our 
procedure regarding the performance evaluation of two different statistical approaches 
as well as the analysis of the European sovereign risk markets. 
It is to note that since our methodology contains a number of mathematical nota-
tions, we provide in the appendix a table with all terminology. (Appendix 76) 
3.1. Definition of Sovereign Risk Measures and its Determinants 
Related to the discussed literature in the previous section, studies typically apply mar-
ket-based default risk prices. Hence, we employ two sovereign risk indicators – sover-
eign bond yield and credit default swap (CDS) spreads. While CDS spreads are already 
credit spreads and thus no adjustment is required, bond yields have to be adjusted by 
subtracting the risk free rate (Hull et al., 2004, p. 2792). Typically, it is investigated 
bond yield spreads against Germany. Therefore, sovereign bond yield spread is defined 
as: 𝑦𝑠𝑝𝑟!,! =  𝑟!,! − 𝑟!"#$%&',! 
where 𝑟!,! is the historical sovereign bond yield, 𝑦𝑠𝑝𝑟!,! is the historical bond yield 
spread of country i in quarter j. We consider simultaneously, the German Bund yields 
as credit spreads. In order to model sovereign risk most studies follow the three main 
risk variables: global, credit and liquidity risk mentioned in the literature review. There-
fore, we compose a set of exogenous variables related to the consulted literature, which 
covers these sovereign risk factors. First, the global risk factor is approximated by the 
US stock market volatility index (US VIX). Second, the credit risk, which reflects the 
probability of default, is in this study indicated by debt-to-GDP ratio, GDP growth rate, 
inflation rate and unemployment rate. Third, the liquidity risk is approximated by using 
bid-ask spreads and reflects the probability of capital loss due to a price reduction re-
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sulting from a limited number of transactions. Thus, the sovereign bond risk can be es-
timated by 𝐸 𝑦𝑠𝑝𝑟!,!   𝑣𝑖𝑥! ,𝑑𝑔𝑑𝑝!,! ,𝑔𝑑𝑝𝑔𝑟!,! , 𝑖𝑛𝑓!,! ,𝑢𝑟!,! , 𝑏𝑎!,!  =  𝐸 𝑦𝑠𝑝𝑟!,!   𝑋!,!  
where, 𝑋!,! is the matrix including all exogenous variables of country i in quarter 
j. Following variables are described according to Bloomberg database. 𝑣𝑖𝑥! is the quar-
terly US stock market volatility index and reflects the market estimation of future vola-
tility, based on the weighted average of the implied volatilities for a wide range of 
strikes. 𝑑𝑒𝑏𝑡𝑔𝑑𝑝!,! is the quarterly measure of a country’s federal debt in relation to its 
gross domestic product (GDP) of country i in quarter j. Hence, the government debt 
measures are all financial liabilities of a government included and the GDP values are 
derived from the collected debt-to-GDP ratios and the corresponding government debt 
values (𝑑𝑒𝑏𝑡!,!). Therefore the real GDP of country i in quarter j is given as, 𝑔𝑑𝑝!,! =  𝑑𝑔𝑑𝑝!,!!! ∗ 𝑑𝑒𝑏𝑡!,! . By comparing what a country owes to what it produces, 
the debt-to-GDP ratio indicates the country’s ability to pay back its debt. 𝑔𝑑𝑝𝑔𝑟!,! is the 
gross domestic product growth rate of country i in quarter j and is simply derived by the 
growth rate formula 𝑔𝑑𝑝𝑔𝑟!,! = !"#!!!,!! !"#!!!,!!!!"#!!!,!!! . 𝑖𝑛𝑓!,! is derived by the consumer 
price index (CPI) and is a measure of prices paid by consumers for a market basket of 
consumer goods and services. The growth rates of CPI represent the inflation rate. 
Therefore, the inflation rate is analogously with the growth rate formula derived. The 𝑢𝑟!,! tracks the number of unemployed persons as a percentage of the labor force of 
country i in quarter j. 𝑏𝑎!,! is derived by the bid prices and ask prices of corresponding 
5-year CDS spreads in quarter j.  
Fontana and Scheicher (2010, p. 26), who focus on whether the same set of fac-
tors is priced in credit default swap spreads as well as in bond yield spreads find that 
sovereign risk repricing seems mostly due to common factors. However, there is a dif-
ference between CDS spread and sovereign yield spreads, which is also called ‘CDS 
basis’. The CDS basis should generally be close to zero due to arbitrage trading accord-
ing to Fontana and Scheicher (2010, p. 7).  
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Therefore, in this study we assumed that CDS spreads and yield spreads can be 
estimated by the same set of variables. 𝐸 𝑐𝑠𝑝𝑟!,!  𝑋!,! = 𝐸 𝑦𝑠𝑝𝑟!,!  𝑋!,!  
where 𝑐𝑠𝑝𝑟!,! is the historical credit default swap spread. In order to facilitate the nota-
tion of models, 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! is the mathematical substitute for 𝑐𝑠𝑝𝑟!,! as well as 𝑦𝑠𝑝𝑟!,!. 
3.2. Data and Stylized Facts 
We employ in our study a panel of 16 European countries, measured in a quarterly fre-
quency, over the time period 2003.12 – 2015.12. Time series are quoted at end of quar-
ter. The data sources and definition of the variables can be seen in Table 2. The compo-
sition of the exogenous variable set is based on the literature consulted in the previous 
section of this paper. 
 
Table 2: Description of Data Sample 
In terms of data unavailability it is necessary to neglect several countries in order 
to maintain a reliable data sample. We conducted a standard interpolation approach to 
prevent further incomplete time series comparable to Beirne and Fratzscher (2013, p. 
66).  
Regarding the literature, we composed time-related as well as country-related 
group of sample. In order to consider time effects there are three periods similar to 
Afonso et al. (2013). However, in order to avoid over fitting problems, we respected a 
sufficient amount of observation in each period. First, pre-crisis period is between 
2003.12 and 2007.06. Second, crisis period is from 2007.07 to 2011.12. Third time pe-
Data Sample Description
Variable Variable Name Source Definition
Bond Yield Spread (in bps) YSPR5Y BLOOMBERG
Credit Default Swap (in bps) CSPR5Y BLOOMBERG
VIX Index (in percentage) VIX BLOOMBERG
Debt-to-GDP-Ratio (in decimal) DGDP Eurostat
GDP-Growth Rate (in decimal) GDPGR Eurostat
Inflation Rate (in decimal) INF Eurostat Derived by the CPI growth rate, Freq: Quarterly
Unemployment Rate (in percentage) UR BLOOMBERG Annual Unemployment rate in %, Freq: Quaterly
Bid-Ask-Spread (in bps) BA BLOOMBERG
Derived by the generic government bond yield
Tenor: 5Y, Currency: EUR, Freq.: Quarterly
CBIN Traded Credit Default Swap Tenor: 5 Year
Currency: EUR, Freq.: Quarterly
Derived by the corresponding CDS spread, 
Currency: EUR, Freq.: Quarterly
Chicago Board Options Exchange SPX, 
Currency: USD, Freq.: Quarterly
Derived by the government debt and GDP 
Currency: EUR, Freq.: Quarterly
Derived by the growth rate formula and
nominal GDP Currency: EUR, Freq.: Quarterly
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riod is defined from 2012.01 to 2015.12 and represents the post-crisis. To respect coun-
try-specific effects in risk pricing, this paper follows the literature. The group classifica-
tion is primarily based on the economic development of a country. Thus different Euro-
pean advanced economies as well as emerging markets are considered. Additionally, we 
respect the five Eurozone periphery countries (Greece, Italy, Portugal, Spain and Ire-
land), or also called SWEAP (South West Eurozone Periphery) states by Aizenman et 
al. (2013). A summary of the country and time classification can be seen in Table 3. 
 
Table 3: Classification of Country and Time Periods 
In order to consider group-related properties, we average all countries by the 
median. Therefore time series are adjusted as follow 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! = 𝑚𝑒𝑑𝑖𝑎𝑛 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!  
where 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! is the median of historical bond yield spread and credit default swap 
spread in quarter j of group k. By considering these adjusted time series of 5-year credit 
default swap spreads as well as 5-year sovereign bond yield spreads of each group, there 
is a discernible pattern in terms of volatility over the time period observable. For 
demonstration purposes, the y-axes are equally scaled in all CDS and yield spread 
charts (Figure 1). Moreover, we plotted actual prices as well. 
 
Figure 1: Averaged Time Series of Sovereign Risk Measures (Source: Bloomberg) 
Group Country
G1: Developed Markets (excl. SWEAP)
G2: Emerging Markets
G3: SWEAP
Time Period Pre-Crisis Crisis Post-Crisis
2003.12 – 2007.06 2007.07 – 2011.12 2012.01 – 2015.12
Austria, Belgium, Denmark, France, Germany,
Netherlands, Sweden, Turkey, United Kingdom
Hungary, Poland
Greece, Italy, Portugal, Spain, Ireland
median median median 
median median median 
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Both risk indicators, reflect overall comparable graph characteristics. (Figure 1) 
All in all, the first group (developed markets) is compared to the other countries stable 
over time. Even during the global financial crisis it shows a relatively low yield spread 
level, whereas the second group (emerging markets) fluctuates in the same time period 
between 200 and 700 basis points related to the yield spreads charts. In contrast, the 
SWEAP group (third group) yield spreads and CDS spreads contain both characteris-
tics. In the first four years there is a comparable pattern to the advanced economies, but 
then they even exceeded the spreads of the emerging markets economies. Hence, it can 
be concluded that the established groups are relatively homogenous. 
3.3. Multifactor Model 
The multifactor model represents the performance in terms of explanatory power and 
goodness of fit of parametric models. Initially, we establish the model framework of a 
country-specific sovereign risk measure by deriving its functional form and defining its 
properties. Afterwards, we average time-series in order to model the three defined 
groups. Finally, we define two different performance measures, which provide a basis 
for the evaluation of the explanatory power.  
According to prevailing scientific notion of multifactor model assumes that the 
rate of return of an asset (𝑟𝑒!) is given as: 𝑟𝑒!(𝑓!,… , 𝑓!) = 𝑎 + 𝑏!,! ∗ 𝑓! +⋯+ 𝑏!,! ∗ 𝑓! + 𝑒! 
where 𝑎 is the asset-specific return and is unrelated to the factors according to Connor 
(1995, p. 2). 𝑏!,!  is the change in the return on asset i per unit change in factor 1, 𝑓! is 
the value of factor 1 and q is the number of factors. The portion of the return on asset i 
not related to the q factors is explained in 𝑒!. Moreover, the least squares problem in 
factor models is explained by the error term 𝑒! =  𝑟𝑒! − (𝑎 + 𝑏!,! ∗ 𝑓! +⋯+ 𝑏!,! ∗ 𝑓!). 
Therefore, 𝑒! has to be minimized by changing beta factors 𝑏!,!, 𝑏!,!,… , 𝑏!,!. Thus, relat-
ed to the sovereign risk framework defined in the first section of the methodology, the 
parametric model for countries can be defined as: 𝐸(𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!) =  𝛽!,! + 𝛽!,!"# ∗ 𝑣𝑖𝑥! + 𝛽!,!"!# ∗ 𝑑𝑔𝑑𝑝!,! +  𝛽!,!"#!$ ∗ 𝑔𝑑𝑝𝑔𝑟!,! +  𝛽!,!"#∗ 𝑖𝑛𝑓!,! + 𝛽!,!" ∗ 𝑢𝑟!,! + 𝛽!,!" ∗ 𝑏𝑎!,! + 𝑒! 
where 𝛽!,! is the constant country-specific risk level of country i, whereas other betas 
represent the degree of influence by a change in the corresponding exogenous variable. 
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This equation models both risk indicators (𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!) of country i on the international 
risk factor, bond market liquidity risk as well as macroeconomic and fiscal fundamen-
tals. It is to note that beta factors of this model are constant over time.  
In order to analyze groups, exogenous time series have to be averaged to obtain 
in each quarter a respective value. Therefore group-specific risk indicator is replicated 
by 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!  ≈ 𝐸 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! ==  𝛽!,! + 𝛽!,!"# ∗ 𝑣𝑖𝑥! + 𝛽!,!!"# ∗𝑚𝑒𝑑𝑖𝑎𝑛(𝑑𝑔𝑑𝑝!,!)+  𝛽!,!"#!$∗𝑚𝑒𝑑𝑖𝑎𝑛(𝑔𝑑𝑝𝑔𝑟!,!)+  𝛽!,!"# ∗𝑚𝑒𝑑𝑖𝑎𝑛(𝑖𝑛𝑓!,!)+ 𝛽!,!"∗𝑚𝑒𝑑𝑖𝑎𝑛(𝑢𝑟!,!)+ 𝛽!,!" ∗𝑚𝑒𝑑𝑖𝑎𝑛(𝑏𝑎!,!)+ 𝑒! 
where k represents the group number. Having established model framework for coun-
tries as well as for groups, we intend to assess the explanatory power and the market 
pricing behavior based on this parametric model. For this purpose, we model historical 
sovereign bond yield spreads as well as historical credit default swap spreads for each 
country and each group by conducting the same set of variables over the whole time 
period. We evaluate the models by the significance of its coefficients, error terms and 
its adjusted r-squared. Finally, for each model is employed the estimation differences 
between actual and estimated risk measure. Hence, an estimation error greater than 0 
indicates an overpriced risk by the market respectively an underestimation of risk by the 
model. In order to consider the error term in a specific time period, we further defined 
the sum of estimation differences as  
𝑐𝑒𝑑!,! = 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!,! − 𝐸 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!,!!!!!!!  
where 𝑐𝑒𝑑!,! is the cumulative estimation differences of country i in period n. 
Hence, period n is assumed to contain t quarters.  
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3.4. Panel Data Setting 
In the panel data setting, we analyze the dynamics of the European sovereign risk mar-
ket regarding to the generic effect of the risk drivers, group-specific effects and time-
related effects. Hence, our panel data analysis is divided in three parts. In the first sec-
tion, we pool the entire data sample in a single generic panel and analyze the generic 
effects of the international, country-specific and liquidity risk by neglecting the individ-
uality of countries and time. In the second part of our panel analysis, we further exam-
ine the properties of the exogenous and endogenous variables by respecting groups-
specific effects. Finally, we divide our generic panel into three time-related panels in 
order to consider changes in effects of groups over time. Hence, we facilitate the analy-
sis of the dynamic sovereign risk market by adding in each section a further dimension 
and so to take the non-linear development of the market stepwise into account. 
3.4.1. Pooled Panel Model 
As a starting point, we pool the entire data sample in a generic panel. Thus, we neglect 
at this point the individuality of countries or time. For this purpose, all variables are 
compressed into panels. 
𝑆𝑂𝑉𝑅𝐼𝑆𝐾!""#$% = 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! … 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!⋮ ⋱ ⋮𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! … 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!  
where 𝑆𝑂𝑉𝑅𝐼𝑆𝐾!""#$% contain both risk indicators from country i in quarter j consider-
ing that the sample consists of I countries and J quarters. Analogous, all exogenous 
variables are compressed as well. Having said that we ignore geographical and time-
effects, we conduct the previous factor model to a panel data framework by applying a 
pooled ordinary least squares (OLS) model.  𝐸 𝑆𝑂𝑉𝑅𝐼𝑆𝐾!""#$%=  𝛽! + 𝛽!"# ∗ 𝑉𝐼𝑋!""#$% + 𝛽!"!# ∗ 𝐷𝐺𝐷𝑃!""#$% +  𝛽!"#!$∗ 𝐺𝐷𝑃𝐺𝑅!""#$% +  𝛽!"# ∗ 𝐼𝑁𝐹!""#$% + 𝛽!" ∗ 𝑈𝑅!""#$% + 𝛽!" ∗ 𝐵𝐴!""#$%+ 𝐸!""#$% 
It is to note that all beta factors are constant over time and country or group. In 
this framework, we analyze the generic effects of the international, country-specific and 
liquidity risk on bond yield spreads respectively on CDS spreads over the entire time 
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frame. Hence, we are able to make conclusions about which variables influence sover-
eign risk at most and how significant are those results.  
3.4.2. Fixed-Effects Model 
In the second part of our analysis, we differ in our pooled panel between states and 
groups. For this purpose, we extend the previous model by dummy variables. In a gen-
eral context of a rate of return of an asset i, the initial equation is amplified as follow 𝑟𝑒! 𝑓!,… , 𝑓! = 𝑎 + 𝑏!,! ∗ 𝑓! +⋯+ 𝑏!,! ∗ 𝑓! + 𝑒! + 𝑏!" ∗ 𝐹𝐸! 
where 𝐹𝐸! additionally is the fixed-effects dummy variable of the rate of return of the 
asset 𝑟𝑒!. This approach is analogously employed in our sovereign risk analysis. Initial-
ly, we focus on group related effects by adding two dummy variables, where 𝐷𝑉!! and 𝐷𝑉!! connect exogenous and endogenous to the second respectively third group. Hence, 
with two more variables, we get two more factors, 𝛽!! and 𝛽!!, which capture the aver-
age risk level of the emerging markets respectively the SWEAP states compared to the 
advanced economies as the reference variable. To examine at the same time the differ-
ences in effects of the risk determinants, we interact a continuous variable by dummy 
variables. Therefore, our pooled panel model with group-specific VIX effects is given 
as:  𝐸 𝑆𝑂𝑉𝑅𝐼𝑆𝐾!""#$%=  𝛽! + 𝛽!"# ∗ 𝑉𝐼𝑋!""#$% + 𝛽!"!# ∗ 𝐷𝐺𝐷𝑃!""#$% +  𝛽!"#!$∗ 𝐺𝐷𝑃𝐺𝑅!""#$% +  𝛽!"# ∗ 𝐼𝑁𝐹!""#$% + 𝛽!" ∗ 𝑈𝑅!""#$% + 𝛽!" ∗ 𝐵𝐴!""#$%+ 𝐸!""#$% +  𝛽!!,!"# ∗ 𝐷𝑉!! ∗ 𝑉𝐼𝑋!""#$% +  𝛽!!,!"# ∗ 𝐷𝑉!! ∗ 𝑉𝐼𝑋!""#$% 
where 𝛽!!,!"# and 𝛽!!,!"# capture the additional effect of VIX compared to the ad-
vanced economies as reference group. This model is also applied for the other fiver ex-
ogenous variables. Therefore, we are able to quantify differences between group-
specific determinants. In other words, we can identify whether market participants dis-
tinguish between countries and groups in pricing sovereign risk. 
3.4.3. Time Fixed-Effects Model 
Since it is suggested that the relationship between the variables proxying default and 
liquidity risk and sovereign risk measure may be time-varying, in this model are dis-
crete time-related beta factors considered.  
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In the context of an asset return 𝑟! time-related dummies are applied as follows 𝑟𝑒! 𝑓!,… , 𝑓! = 𝑎 + 𝑏!,! ∗ 𝑓! +⋯+ 𝑏!,! ∗ 𝑓! + 𝑒! + 𝑏!" ∗ 𝐹𝐸! + 𝑏! ∗ 𝑇! 
where 𝑇! is a time-related dummy, which connects every asset return to a specific time 
period. Hence, its beta factor 𝑏! reflects time fixed-effects of the asset returns. In our 
sovereign risk framework, we add analogously time-related dummies. However, in or-
der to assess geographical effects during specific time periods, we initially have to di-
vide our pooled panel into time-related panels. Therefore, both sovereign risk measures 
are transformed as follows 
𝑆𝑂𝑉𝑅𝐼𝑆𝐾! = 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! … 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!⋮ ⋮ ⋮𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,! … 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!,!  
where 𝑆𝑂𝑉𝑅𝐼𝑆𝐾! contains both risk indicators from country i and the complete time 
series in the n’th period. Also here we assume to have totally I countries. Analogous, all 
exogenous variables are adjusted as well. In addition, we employ also in this setting 
group-specific dummy variables analogue to the previous model. Therefore, our time-
fixed effects panel model is defined as:  𝐸 𝑆𝑂𝑉𝑅𝐼𝑆𝐾! =  𝛽!,! + 𝛽!"#,! ∗ 𝑉𝐼𝑋! + 𝛽!"!#,! ∗ 𝐷𝐺𝐷𝑃! +  𝛽!"#!$,! ∗ 𝐺𝐷𝑃𝐺𝑅!+  𝛽!"#,! ∗ 𝐼𝑁𝐹! + 𝛽!",! ∗ 𝑈𝑅! + 𝛽!",! ∗ 𝐵𝐴! + 𝐸! + 𝛽!!!!,!"#,!∗ 𝐷𝑉!!! ∗ 𝑉𝐼𝑋! + 𝛽!!!!,!"#,! ∗ 𝐷𝑉!!! ∗ 𝑉𝐼𝑋! 
where 𝛽!!!!,!"#,! and 𝛽!!!!,!"#,! are dummy variables capturing the additional slope of 
the VIX effect on the first group during the complete n’th period. In this setting we con-
sider the influence of the underlying fundamentals with respect of the individuality of 
groups during discrete time sections. Hence, our results suggest whether market partici-
pants changed their pricing behavior towards specific European countries. 
3.5. Classification and Regression Trees 
The Classification and Regression Trees (CART) approach represents the performance 
in terms of explanatory power and goodness of fit of non-parametric machine learning 
techniques. Analogously to the parametric model, we start by establishing the model 
framework of a country-specific sovereign risk measure. Finally, we apply the averaged 
group-specific time-series in order to model the three defined groups. 
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In contrast to the parametric model, tree-based models are constructed by recur-
sively portioning a data set with the values of its predictor variables with the aim to best 
predict a response variable, which can be continuous. The portioning process is based 
on a classification approach. As a starting point, we define the criterion of the misclassi-
fication probability of country i: 𝑅 𝑔 = 𝑃 𝑔 𝑋! ≠ 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!  
where 𝑅! 𝑔  is the probability of misclassification and 𝑔(𝑋!) is the classification func-
tion of country i, which minimizes the probability of misclassification in the variable set 
matrix containing all exogenous variable time series of country i. Moreover, let  𝑔∗ = 𝑎𝑟𝑔𝑚𝑖𝑛! 𝑅 𝑔  in order to classify the data sample as good as possible. Analo-
gously to the parametric framework, it is minimized the error term by 𝑎𝑟𝑔𝑚𝑖𝑛! 𝐸 𝑠𝑜𝑣𝑟𝑖𝑠𝑘! − 𝑔 𝑋! !. Having defined the classification criterion, it is a 
function derived which consists of further piecewise constant functions. Hence, the sum 
of these M functions is given as: 
𝐹 𝑋! = 𝑔! = 𝐸(𝑠𝑜𝑣𝑟𝑖𝑠𝑘!|𝑋!) ≈ 𝑠𝑜𝑣𝑟𝑖𝑠𝑘!   !!!!  
where 𝐹 𝑋!  is represented by the piecewise addition of the M constant classification 
functions 𝑔! and represents the approximation of the sovereign risk measures of coun-
try i. Furthermore, we employ these approach for group-specific time series. 
Finally, analogously to the parametric model, for each model is employed the es-
timation difference as well as the sum of estimation difference, which states the time-
specific estimation error in absolute terms.  
3.6. Overview of Methodology 
In this section we briefly conclude our empirical approach in the context of our research 
questions respectively hypotheses. In this study there are two different analysis tech-
niques applied – the parametric and non-parametric approach. However, there is a num-
ber of different model settings employed. Therefore, we illustrate our empirical ap-
proach by explaining the purpose of each model regarding the research question. 
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Figure 2: Illustration Empirical Approach to Hypothesis 1 (Source: Own creation) 
In order to verify if non-parametric models connect sovereign risk and a set of 
exogenous variables more accurately than multifactor models, we evaluate both models 
on their explanatory power and goodness of fit by focusing on estimation differences as 
well as sum of estimation differences. Figure 2 illustrates all adjustments and course of 
actions for the first group and Austria, which we already mathematically described in 
the methodology. 
 
Figure 3: Illustration Empirical Approach to Hypothesis 2 (Source: Own creation) 
Furthermore, we intend to suggest the indications of multiple equilibria in the 
European sovereign risk markets by approaching with three-stage panel analysis. 
(Figure 3) In order to verify dynamics and dependencies, at first we need to understand 
the generic properties of sovereign risk. Hence, we start with a pooled panel model, 
which ignores any characteristics among European governments as well as time-specific 
variations. Second, since literature suggest that there are discernible differences among 
Euro states, we further analyze the pooled panel by adding dummy variables, which 
capture differences in determinants among European states. Finally, in the last stage of 
the panel analysis we distinguish beside of each underlying fundamental of group prop-
erties also the variation of these effects over time, in order to verify if there are changes 
and adjustments in pricing sovereign risk observable and quantifiable. 
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4. Results 
In this section, all empirical findings are presented and then discussed regarding the 
consulted literature. In order to verify the stated hypotheses, our findings are divided 
into three parts. In the first section, we state the results of the employed multifactor 
model in order to evaluate the estimation power and goodness of fit. The second section 
consists of a three-stage empirical result of the European sovereign risk market in a 
panel data setting. In the first stage of the panel analysis, we present our findings re-
garding the generic properties of European sovereign risk by applying the pooled panel 
model. In the second stage, the fixed-effects models further state results of the funda-
mental properties regarding the individuality of European sovereigns. In the third part of 
the panel results, the time fixed-effects models respect also the time-effects of funda-
mentals. Afterwards, in the last section of the findings, we applied in contrast to the 
multifactor model a non-parametric model in order to assess the goodness of fit as well 
as the explanatory power. Additionally, the empirical findings are concluded and dis-
cussed with regards to related studies in the discussion section. 
It is to note that due to the fact that Germany is considered as the risk free rate in 
this study, we consider the 5-year German Bund yields as credit spreads. Furthermore in 
the panel data analysis we defined as reference variable the advanced economies (group 
1). 
4.1. Modeling Sovereign Risk in a Parametric Framework 
In the parametric model are no time periods considered and therefore we assumed that 
sovereign risk indicators could be determined by constant beta factors over all periods. 
We respect first the general goodness of fit and afterwards we focus on estimation dif-
ferences. Moreover, we take the replicated time series as the benchmark to which to 
compare the pricing of sovereign risk over all periods. 
 
Table 4: Multifactor Models of all Groups (Consolidated) 
 MULTIFACTOR MODEL OUTPUT (CONSOLIDATED Values in bps)
Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat
(Intercept) -64.141 -2.4869 -639.81 -4.1022 -268.81 -1.6688 -188.32 -4.6679 -1002.7 -7.963 -270.21 -2.4571
VIXINDEX 0.64699 2.0255 9.8623 6.0093 1.6511 0.54748 1.8812 3.7651 7.3427 5.5416 2.9427 1.4291
DGDP 81.887 4.3762 566.89 2.8101 -526.41 -3.2217 148.4 5.0702 1408.9 8.6502 -445.19 -3.9908
GDPGR 1.2954 0.002964 742.36 2.3444 1120.2 0.3139 1016.6 1.4871 173.57 0.67894 1353.7 0.55562
INF 717.95 1.522 3135.5 2.68 2881.5 0.81852 1590 2.1548 1786.7 1.8915 2367.9 0.98521
UR 0.76919 0.22264 38.007 5.8754 70.155 4.2382 6.8663 1.2705 10.54 2.0181 61.082 5.4048
BA 3.1866 2.3802 9.4271 3.2173 10.51 4.5341 7.2063 3.4411 3.2668 1.3809 11.485 7.2573
RMSE 13.3 68.5 120 20.8 55.3 81.9
Adj. R-Sq. 0.558 0.703 0.729 0.699 0.795 0.854
YSPR_G1 CSPR_G3CSPR_G2CSPR_G1YSPR_G3YSPR_G2
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Having a look at the consolidated multifactor model results, we find generally 
that CDS spreads are overall better explained than bond yield spreads by the same set of 
variables. (Table 4) The root mean square error (RMSE) reflects especially in the 
SWEAP states a high standard error in the estimated coefficients. This finding may 
suggest high dynamics in the time series of SWEAP states. However, regarding the time 
series estimation of the models (Appendix 20-Appendix 22) in contrast to the actual 
prices, all groups show considerable mispriced values. 
 
Figure 4: Multifactor Model Estimation of Group 1 and Group 3 
Overall, the estimated sovereign risk prices of group models represent fluctuat-
ing repricing pattern in the period prior to the global financial crisis, by respecting the 
estimation errors of the models. The volatile repricing characteristic in the first period is 
particularly in the group-specific replication of the advanced economies observable. 
(Figure 4) In contrast, the SWEAP group model is able to replicate sovereign risk 
measures in a stable level in the first period, but then it tends to underestimate in the 
beginning of the sovereign debt crisis in 2010 and following periods. (Figure 4) Accord-
ing to the estimation differences of advanced economies and SWEAP group model, 
there is the trend of altering from underestimating in the pre-crisis period to overesti-
mating during crisis and then again to underestimating sovereign risk by the market. In 
fact, developed markets tend to underprice respectively the parametric model overprices 
sovereign risk in the last period. Moreover, in emerging markets where averaged yield 
spreads and CDS spreads are generally volatile, the parametric model is able to predict 
historical risk measures compared to other groups accurately. (Appendix 21) In terms of 
the conducted endogenous variables, both risk measures are generally similar replicated, 
while 5-year CDS spreads react in some cases stronger than the corresponding bond 
yield spreads. 
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Table 5: Time-Related Sum of Estimation Differences - Multifactor Model 
Having a look at the time-related sum of estimation differences table (Table 5), 
overall the estimation errors are in absolute terms during the complete time frame close 
to zero. However, we find especially during crisis and post-crisis period the model is 
not able to predict SWEAP states accurately, considering that the misprices above 200 
basis points in all periods. Whereas over the complete time frame, the misprice is close 
to zero. 
In conclusion, the results of the parametric model with two different sovereign 
risk indicators suggest similar properties. In fact, CDS spreads as well as bond yield 
spreads react qualitatively comparable, which is in line with Beirne and Fratzscher 
(2013, p. 72). However, in technical terms, CDS spreads react more sensitively towards 
changes in the underlying fundamentals. This finding is also connected to the observed 
repricing pattern of advanced economies and SWEAP states. There is a trend of altering 
from underestimating in the pre-crisis period to overestimating during crisis and then 
again to underestimating sovereign risk by the market. This finding may indicate that 
market does vary the relevance of fundamentals over time. According to Aizenman et 
al. (2012, p. 54) another explanation is that market does not price sovereign risk based 
on current fundamentals but future fundamentals. With respect to the estimation differ-
ences figures, where is observable that in the first period repricing pattern is significant-
ly fluctuating despite the fact that the actual prices are relatively constant. Thus the 
model anticipates upcoming significant changes in price to fit as good as possible over 
the entire time series respectively data sample. This finding is also observable in the 
time-related sum of estimation error, where overall the model misprices close to zero. 
However, certain periods reveal significant estimation differences. Therefore, our main 
TIME-RELATED SUM OF PREDICTION DIFFERENCE: MULTIFACTOR MODEL (in bps)
YSPR CSPR YSPR CSPR YSPR CSPR YSPR CSPR
AUSTRIA 49.39352949 116.57521 73.31054935 51.50083318 -122.7040788 -168.0760432 -4.65E-13 -4.97E-13
BELGIUM 33.33150735 -3.010802431 104.7497254 122.4070538 -138.0812327 -119.3962514 6.21E-12 5.17E-12
DENMARK -69.05531166 64.33581158 54.05683577 7.168498423 14.99847589 -71.50431001 -6.15E-13 -7.14E-13
FRANCE -3.441572924 -8.296397328 2.203931526 70.71047401 1.237641398 -62.41407669 -2.20E-13 -8.10E-13
GERMANY -154.6677281 21.30280771 540.498947 34.90426191 -385.8312189 -56.20706961 -2.20E-12 -5.29E-13
GREECE -2288.307574 -8532.661188 4375.887259 10629.47891 -2087.579685 -2096.817719 3.87E-11 1.12E-10
HUNGARY 120.0636768 -89.85285755 -439.7344896 -395.1030562 319.6708128 484.9559137 -8.04E-12 4.55E-13
IRELAND -136.225376 -93.77555754 573.7246711 330.6695799 -437.499295 -236.8940224 1.08E-11 9.67E-12
ITALY -180.1490268 -160.608945 166.2346384 160.6026827 13.91438838 0.006262317 -3.10E-12 -5.81E-12
NETHERLANDS -14.11363946 72.76146814 -30.97049398 -49.8022193 45.08413344 -22.95924884 1.74E-13 4.48E-13
POLAND -279.8741021 -33.16344322 119.9996572 116.7557724 159.8744449 -83.59232916 3.67E-12 7.11E-13
PORTUGAL -122.0050434 -84.47166664 1189.73285 910.5552809 -1067.727806 -826.0836143 1.14E-12 -1.05E-12
SPAIN 80.26201889 58.74797094 -272.0207106 -158.0919365 191.7586917 99.34396559 -1.70E-12 -7.82E-12
SWEDEN -163.3584561 12.45124595 -97.67244806 14.42843583 261.0309042 -26.87968178 7.13E-13 3.68E-13
TURKEY 292.5405987 57.67911074 -921.8266482 -455.8469078 629.2860495 398.1677971 -7.96E-13 -2.50E-12
UNITEDKINGDOM 45.28803586 -3.104043095 -61.51312796 55.71146157 16.2250921 -52.60741848 3.95E-12 -2.56E-12
GROUP 1 -51.63498493 5.317561678 21.06520283 55.2229088 30.5697821 -60.54047048 -1.09E-12 -3.38E-12
GROUP 2 -204.3854221 -110.8921758 -56.72078087 7.35551215 261.106203 103.5366637 2.50E-12 5.14E-12
GROUP 3 -276.4490975 -210.8449167 794.433882 584.571477 -517.9847845 -373.7265602 -6.54E-12 -8.37E-12
Mispricing: < ± 50 bps Mispricing: > ± 50 bps Mispricing: > ± 200 bps
PRE-CRISIS CRISIS POST-CRISIS OVERALL
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finding of modeling sovereign risk in parametric model is that a constant beta over all 
time periods means in the economic sense that sovereign risk markets respect a deter-
minant constantly equally, which is in the context of a dynamic sovereign risk market 
implausible. 
4.2. Properties of Sovereign Risk in a Panel Data Setting 
In a panel data setting, we examine the properties of the European sovereign risk and 
verify the presence of multiple equilibria. In order to handle the dynamics and complex-
ity of these markets we approach the multivariate analysis in three steps. Initially, we 
employ the previous OLS model in a pooled panel model. In the second part, we move 
on to a fixed-effects model in order to capture group specific effects and differences. 
Finally, we apply adjusted time-panels to determine time-specific changes related to the 
groups. Hence, we are able to handle the dynamics and complexity by considering in 
each step an additional dimension. 
4.2.1. Pooled Panel Model 
Before we investigate different countries and time-specific changes, we have to identify 
the generic properties of sovereign risk. For this purpose, we start in a pooled panel 
model by focusing on effects of variables on sovereign risk measures independent of 
countries or time. Hence, we examine to what extent sovereign risk markets considered 
change in the exogenous variables over the past twelve years.  
 
Table 6: Pooled Panel Model Results of CDS and Bond Yield Spreads 
As a starting point, we go through all variables and assess the underlying factors. 
The US stock market volatility index as a proxy of international risk shows a positive 
influence on both sovereign risk measures. This result suggests that ceteris paribus, 
Model 2: Pooled Panel Model Model 2: Pooled Panel Model
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -604.48 61.372 -9.8494 1.20E-21 (Intercept) -975.15 162.38 -6.0054 2.93E-09
VIXINDEX 3.1613 2.3468 1.3471 0.17835 VIXINDEX 1.9829 6.2092 0.31935 0.74955
DGDP 342.68 56.72 6.0416 2.37E-09 DGDP 598.88 150.07 3.9907 7.21E-05
GDPGR -598.22 518.71 -1.1533 0.24915 GDPGR -1703.6 1372.4 -1.2413 0.21487
INF 5619.4 1801.3 3.1196 0.001878 INF 5770.3 4766 1.2107 0.22637
UR 47.88 3.7907 12.631 2.13E-33 UR 69.732 10.029 6.9527 7.60E-12
BA 6.7549 9.3968 0.71885 0.47245 BA 18.359 24.862 0.73844 0.46047
Number of observations: 784, Error degrees of freedom: 777 Number of observations: 784, Error degrees of freedom: 777
Root Mean Squared Error: 420 Root Mean Squared Error: 1.11e+03
R-squared: 0.319,  Adjusted R-Squared 0.314 R-squared: 0.141,  Adjusted R-Squared 0.134
F-statistic vs. constant model: 60.8, p-value = 9.45e-62 F-statistic vs. constant model: 21.2, p-value = 4.17e-23
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higher volatility in the international stock market leads partially to higher sovereign 
risk. This finding is in line with Hilfscher and Nosbusch (2010, p. 237), who found a 
positive sign as well. However, the statistical significance is for bond yield spreads as 
well as CDS spreads relatively low with p-values of 17.8% and 75%. (Table 6)  
On the contrary, country-specific risk measure such as debt-to-GDP ratio re-
flects a significant and positive coefficient, which is consistent with the general empiri-
cal findings in literature (Bernoth and Wolff, 2008, p. 1). In other words, ceteris pari-
bus, a higher relative debt to the GDP leads to higher sovereign risk. This finding is 
supported by a considerable high t-statistic. Furthermore, variations in labor markets are 
according to the model evaluations strongly connected to the sovereign risk market. 
Thus, ceteris paribus, a higher unemployment rate leads to higher likelihood of sover-
eign default. In contrast, a negative connection to sovereign risk is found in the growth 
rate of the GDP. So, if a state were able to increase its GDP, then the sovereign risk 
would decrease, ceteris paribus. This is supported by the findings of Cantor and Packer 
(1996, p. 39), who state that a high economic growth rate indicates that country’s exist-
ing debt burden will become easier to service over time. However, the error terms of 
these coefficients are compared to other variables considerable higher, even though t-
statistics indicate a high influence and significance.  
However, the inflation rate exceeds this estimation error, even though the coef-
ficients are in both models positive and the highest. The positive influence of inflation 
rate is confirmed by the literature, since high inflation rate indicates structural problems 
in the government’s finance (Cantor and Packer, 1996, p. 36). In general, we also find 
that measures, which are quoted in rate of change, such as GDP growth rate or inflation 
rate tend to contain high standard errors. Beside of country-specific risk and interna-
tional risk, our results suggest that, ceteris paribus, an increase in liquidity risk leads to 
an increase in sovereign risk, despite the fact that the coefficients are statistically not 
significant. Since the estimated coefficients are not in the same numeral system, the 
prediction slice plots by MATLAB illustrates the relations of the fundamentals to the 
sovereign bond yield spreads in basis points. 
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Figure 5: Overview of Yield Spread Coefficients (MATLAB Prediction Slice Plots) 
Figure 5, states the high influence of macroeconomic fundamentals, which is 
manifested in the slopes. Moreover, the prediction slice plot illustrates the high estima-
tion error of GDP growth rate and inflation rate with respect to the spreads of the 
bounds. Also, it can be seen that international risk and liquidity risk indicators are not 
significant risk determinants. The prediction slice plots for CDS spreads is comparable 
to the bond yield spreads. (Appendix 78) 
The results of our pooled panel models confirm that CDS spreads react more 
sensitively to the variable set than bond yield spreads. Moreover, this overreaction in 
some exogenous variables leads in the CDS panel model to a root mean square error, 
which is twice as high as the bond yield model. Hence, bond yield spread can be better 
explained than CDS spreads in the pooled panel. By contrast, in the group-specific mul-
tifactor model we found that CDS spreads are better explained by the fundamentals. 
This finding suggests that CDS spreads are across country more inhomogeneous than 
bond yield spreads. All in all, our results suggest that over the entire time frame, in par-
ticular country-specific risks such as debt-to-GDP ratio or unemployment rate deter-
mine particularly the sovereign risk level. Thus, the proxy of liquidity risk and the US 
stock market volatility seem not to be relevant, since their degree of influence are rela-
tive to other measures lower as well as the statistical significance are relatively low. 
Overall, the generic properties of sovereign risk are manifested in positive influence of 
all exogenous variables except of the GDP growth rate. This is plausible, since a higher 
GDP growth rate implies higher credit worthiness, ceteris paribus, which is connected 
to a lower likelihood of default. 
(in bps) 
(in percentage) (in percentage) (in decimal) (in decimal) (in decimal) (in bps) 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  31 
4.2.2. Fixed-Effects Model 
Up until this point, we ignored any differences in the sovereign risk measures among 
European governments. However, it is implausible to assume that a lender is willing to 
accept loans to all borrowers with same covenants. Hence, we consider with a fixed-
effects model the individuality of sovereign debt borrowers. As discussed in the meth-
odology section, we extend our generic panel model by dummy variables, which cap-
ture interactions between groups and exogenous variables. So, we are able to quantify 
the slope respectively the degree of influence of each variable and each group. The 
pooled panel plots suggest significant clusters by respecting categorized time series 
(Appendix 61) 
Therefore, we computed for both risk indicators comprehensive fixed-effects 
models. (Appendix 62) For demonstration purposes, we provide all group specific inter-
actions between fundamentals and both risk measure. (Appendix 63-Appendix 65) 
 
Figure 6: Fixed-Effects Panel Plots of VIX Index and Debt-to-GDP 
Having a more detailed look at the influence of international risk, there is not a 
clear relation that stock market volatility leads to changes in sovereign risk. (Figure 6) 
However, it can be seen that SWEAP states contain a relative high variation in relation-
ship between the VIX index and sovereign risk, even though we cannot conclude at this 
time whether it is related to time-effects or inhomogeneity among the SWEAP states. In 
contrast, debt-to-GDP ratio shows a clear positive effect on the likelihood of govern-
ment default, except of advanced economies. (Figure 6) In fact, we observe a negative 
influence of the relative debt-to-GDP ratio of first group states. This finding leads to an 
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indication of inhomogeneity among advanced economies. In particular, we found that 
Turkey’s fundamentals are generally higher priced than other developed economies. 
Despite the fact that Turkey is according to the CIA World Factbook a developed coun-
try, it seems that the sovereign risk markets either consider Turkey still as an emerging 
market or they respect rather the geographical affiliation of a sovereign. Hence, we con-
clude that the alleged negative correlations of debt-to-GDP and sovereign risk measures 
are the result of an inhomogeneous group composition. 
Furthermore, we observe that, markets tend to charge on emerging markets 
higher risk premiums than other states, although some SWEAP countries are even high-
er priced. Having a look at the fixed-effects model output, the difference in slope of 
bond yield spreads is 108 basis points higher than SWEAP states and 534 basis points 
higher than advanced economies. (Appendix 62) This result quantifies the indication of 
discrimination in pricing sovereign risk by the European sovereign risk markets. 
 
Figure 7: Fixed-Effects Panel Plots of Unemployment Rate and GDP Growth Rate 
The sovereign risk markets respect also a change in unemployment rate differ-
ently across European countries, although all groups represent positive correlation. 
(Figure 7) In particular, in case of increasing unemployment rate in an emerging coun-
try, markets charge in average higher risk premiums than for other European states. On 
the contrary, SWEAP states and advanced economies are similarly priced, although 
SWEAP countries reflect higher standard deviation. Hence, we find also in unemploy-
ment rate indication of discrimination in pricing sovereign risk. The relation between 
growth rate of the GDP and sovereign risk suggests either a high inhomogeneity or 
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considerably high time-effects of the SWEAP group. (Figure 7) In other words, in some 
cases leads, ceteris paribus, an increase in GDP growth rate to an extreme decrease of 
risk, whereas in other cases there is practically no influence observable. Having already 
stated that inflation rate contains generally high standard error, which is in the catego-
rized scatter plot observable. (Appendix 65) By respecting the individuality of risk pric-
ing due to change in inflation, it can be seen that in emerging markets charged risk pre-
mium is slightly higher than in advanced economies. However, the statistical figures are 
generally insignificant. Hence, the market does not clearly differ in inflation rates. This 
can be explained by the fact that the European Monetary Union is generally homoge-
nous. Finally, the relevance of liquidity risk differs particularly in emerging markets, 
where ceteris paribus an increase in bid-ask spread leads to higher sovereign risk price 
compared to the advanced economies. (Appendix 65) 
In conclusion, the findings of the fixed-effects model suggest that pricing of 
sovereign risk differs among European countries considerably. In other words, sover-
eign risk markets distinguish consciously the relevance of a fundamental when pricing a 
certain government. We found in certain groups that for major drivers are individual 
risk premiums charged. The debt-to-GDP rate as one of the main determinants of sover-
eign risk is among the advanced economies differently priced.  
Overall we found that country-specific factors of emerging markets are generally 
more strictly considered in pricing sovereign risk compared to other states. In particular, 
for major drivers such as debt-to-GDP or unemployment rate are discernible risk premi-
ums charged by the market. Additionally, liquidity risk is especially in the bond yield 
spread of emerging markets respected, while international risk shows not a significant 
influence, despite the fact that emerging markets are overall higher priced. In general, 
estimated coefficients of developed economies are not error prone, which indicates a 
more consistent perception of risk among market participants. On the contrary, sover-
eign risk of SWEAP states reflecting overall high standard error. This result may show 
that some market participants estimate indicators such as bid-ask different than other 
participants. Another reason may be, that market participants evaluate at a certain time 
period the same exogenous variable different than in another time period. All in all, we 
found several evidences of pricing discrimination in the European sovereign risk mar-
kets. 
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4.2.3. Time Fixed-Effects Model 
Due to the fact that the environment of the sovereign risk market is changing over time 
requires further model adjustments. For this purpose, we modify the previous pooled 
panel model to a time-fixed effects framework by splitting the generic panel into pre-, 
during and post-crisis period. Moreover, time-related dummy variables are added, 
which capture group-specific effects in certain time periods. Hence, in this framework 
we intend to examine the variable effects of groups by considering that the relevance of 
risk drivers may change over time. 
For demonstration purpose, we provide period-specific plots of each fundamental as 
well as both risk indicators. (Appendix 67-Appendix 72) Furthermore, three time-
related model outputs with group-specific dummies, which support the empirical results 
in quantitative terms, can be seen in the appendix. (Appendix 73-Appendix 75) Further, 
we consolidated three time-related model without dummies in one table, in order to 
quantify the determinants in the respective periods. (Table 7) 
 
Table 7: Time Fixed-Effects Models of all Periods (Consolidated) 
Overall, the model estimations reveal considerably changes in the determinants of 
sovereign risk. However, country-specific risk indicators are consistently main drivers. 
In the first period, sovereign risk markets seem primarily to be affected by GDP growth 
rate as well as inflation rates. During the crisis as well as in the post-crisis period were 
debt-to-GDP ratio and unemployment rate the major sovereign risk determinants, alt-
hough the coefficients lost discernible in significance. In particular, the CDS spread 
model shows error prone coefficients, which is mainly caused by the standard error of 
the GDP growth rate. 
 TIME FIXED-EFFECTS MODEL OUTPUT (CONSOLIDATED Values in bps)
Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat
(Intercept) -32.905 -0.55087 -739.45 -7.3785 -791.64 -2.9974 -13.533 -0.49369 -1051.8 -6.5581 -1425.8 0.075293
VIXINDEX 2.9018 0.63351 3.6343 1.3773 7.6617 0.54485 1.9582 0.93157 5.7308 1.3572 6.0612 0.88671
DGDP -76.673 -2.1901 541.74 7.3111 326.57 2.2926 -9.0069 -0.56062 778.24 6.563 651.08 0.13172
GDPGR 1296.1 4.3728 -495.37 -0.89129 -2591.4 -1.3701 963.83 7.0859 -514.66 -0.57863 -7683.5 0.18015
INF 4111 3.9509 4864.3 2.1709 10024 1.9279 2361.2 4.9448 3058.1 0.85284 17922 0.25518
UR 9.0518 3.4615 47.121 8.1593 57.241 6.9501 -0.61675 -0.51393 58.901 6.3732 88.292 0.000466
BA -8.0424 -0.44768 5.5263 0.59247 13.387 0.50125 -5.5008 -0.66723 6.8415 0.45833 57.268 0.47871
RMSE 118 336 609 54.2 537 1.84E+03
Adj. R-Sq. 0.253 0.36 0.32 0.33 0.276 0.118
YSPR_P1 YSPR_P2 YSPR_P3 CSPR_P1 CSPR_P2 CSPR_P3
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Figure 8: Time Fixed-Effects Panel Plots of VIX Index 
The stock market volatility index has been significantly increasing during the 
crisis, whereas the influence on the sovereign risk measures is generally not varying. 
(Figure 8) Especially, in the last two periods are no discernibly changes observable. 
However, in the pre-crisis period, CDS markets of emerging markets and SWEAP states 
are not affected by international risk. The fact that there are no clear relations observa-
ble suggest either that international risk exhibits no group-specific effects or market 
prices group members individually. 
 
Figure 9: Time Fixed-Effects Panel Plots of Debt-to-GDP 
As one of the major determinant of sovereign risk, debt-to-GDP ratio shows dis-
cernible time-related changes. (Figure 9) In the pre-crisis period markets neglected vari-
ation of this fundamental, whereas in the following period the relative debt-to-GDP 
gained considerably in importance. However, in the last period there is no clear rela-
tionship observable. With respect to the individuality of groups, in the period prior to 
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the crisis, ceteris paribus, an increase in debt quote led to higher risk in emerging mar-
kets than in other states. In other words, markets charged risk premium for emerging 
markets. This effect is during the crisis periods even higher, whereas after crisis markets 
react similarly to the first period. Thus, sovereign risk market varies clearly its pricing 
behavior over time. This change in pricing risk is in SWEAP countries even more dis-
cernible. In the period prior to the crisis the markets did practically not react towards 
change in the relative debt-to-GDP. But during the crisis markets tended to price risk of 
SWEAP states in average equally to emerging markets. In statistical terms, our result 
suggests approximately same slope, despite the fact that SWEAP countries are more 
individually priced than emerging markets, since the time series of SWEAP states con-
tain higher standard deviation. Finally, in the last period, an increase in debt-to-GDP 
ratio leads to higher risk of the SWEAP countries than emerging markets, ceteris pari-
bus. In advanced economies is also for debt-to-GDP ratio a negative relation in the last 
period captured, which may be due to the inhomogeneous group composition. 
 
Figure 10: Time Fixed-Effects Panel Plots of Unemployment Rate 
The unemployment rate as another country-specific risk measure represents also 
considerable changes over time. (Figure 10) In general, we observe that European core 
states were able to keep the unemployment rates on similar levels during the financial 
crisis, whereas in SWEAP states increased the number of unemployed persons with the 
outbreak of the crisis. In terms of market pricing behavior, the expected likelihood of 
default varies significantly in emerging markets due to the financial crisis. Thus, in the 
pre-crisis period, markets taking the development of unemployment rate not strictly into 
account, whereas with the outbreak of the financial crisis, sovereign risk markets charge 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  37 
clearly highest risk premium on the unemployment rates of emerging markets, which is 
similar to the time-specific pricing behavior in debt-to-GDP ratio. 
On the contrary, GDP growth rates as well as inflation rates suggest generally 
no clear time-specific variation of effects. (Appendix 69) Even though sovereign risk 
measures are generally positively affected by increasing in inflation, in particular before 
and after financial crisis. (Appendix 70) The bid-ask spread as a proxy of liquidity risk 
reflects time-related variations. (Appendix 72) In the period prior to the financial crisis, 
sovereign risk of emerging markets were priced higher in case of increasing bid-ask 
spread than in other states. By contrast to other variables, during the financial crisis and 
the following period liquidity risk indicator has been steadily losing in influence. Sover-
eign risk of SWEAP states respect in the first period hardly any changes in liquidity 
risk, whereas in the following period we find a relation towards variation in bid-ask 
spreads. By contrast, advanced economies’ sovereign risk contains an observable con-
nection to the liquidity risk, which lost in importance during crisis. In the last period, 
the market respects liquidity risk of advanced economies likewise in the first period. 
However, the estimated coefficients of bid-ask spreads are not statistically significant.  
In conclusion, the results of the time-fixed effects panel setting reveal a dynam-
ic sovereign risk market. Not only varied market in sensitivity towards change in certain 
variables, but also the determinants of sovereign risk changed significantly over time. In 
the period prior to the global financial crisis, main drivers of sovereign risk were GDP 
growth rate as well as inflation rate. However, the sign of the growth rate coefficient is 
positive, which is not consistent with literature. In the following period two periods, 
especially during crisis, the relative debt-to-GDP gained in importance. Moreover, un-
employment rate gained in relevance as well. According to Arakelian et al. (2015, p. 
12), unemployment rate is relevant only in certain time periods, namely together with 
debt-to-GDP ratio. Beside of the fact that country-specific variables are the major driv-
ers of sovereign risk, we additionally found that in our time-fixed panel setting that due 
to financial crisis, macroeconomic variables gained in importance. In other words, fi-
nancial markets reacted more strongly to some exogenous variables than they did before 
crisis. On the contrary, we found that in the pre-crisis period international risk is priced 
at a consistent level over the time. The significance of the VIX index is although rela-
tively low in all time periods, whereas the liquidity risk proxy reflects high dynamics 
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and a certain positive trend over all periods. However, the influences of those factors are 
compared to country-specific fundamentals low.  
We found further characteristics of the dichotomy between core and periphery 
Europe since the financial crisis, considering especially the increasing difference in 
slope of fundamentals among groups. Additionally, SWEAP states determinants reflect 
since crisis overall a high standard error, which suggest that market respects countries 
such as Spain, Greece, Italy, Ireland or Portugal individually. We found particularly by 
considering the influence of unemployment rate or debt-to-GDP ratio on bond yield 
spreads during the crisis that market consciously priced emerging markets with same 
unemployment rate as advanced economies considerably higher. Hence, our results re-
veal discrimination in pricing sovereign bond yield spreads in particular during the cri-
sis and in the post-crisis period.  
In general, CDS spreads and bond yield spreads react comparable towards 
change in the fundamentals. However, in the period prior to the financial crisis CDS 
spreads do not react on same exogenous variable despite the fact that in the following 
periods CDS spreads react generally more sensitive to the underlying fundamentals, 
which explains the higher RMSE of the pooled model. This suggests that in the pre-
crisis period CDS spreads and bond yield spreads did not share the same information.  
4.3. Modeling Sovereign Risk in a Non-Parametric Framework 
In this section, we apply in contrast to the multifactor model a non-parametric approach, 
since the literature suggests, that common parametric models are not able to take the 
non-linear dynamics of sovereign risk market into account. In order to verify this hy-
pothesis we conduct the classification and regression tree (CART) approach. As a start-
ing point, we focus on absolute estimation differences of both models, since we com-
prised in these figures both model estimations. Analogously to the parametric model, 
we consider in this section also the sum of estimation difference table to consider all 
explanatory power simultaneously. Afterwards, we apply the generic as well as time-
specific panels in the non-parametric framework in order to understand which funda-
mentals are preferred. Furthermore, we are able to examine time-related changes in de-
terminants of sovereign risk in a non-parametric setting. 
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For this purpose, we provide all estimated sovereign risk measures in the appen-
dix (Appendix 4 - Appendix 22). Moreover, to illustrate the absolute estimation differ-
ences of both models, we provide in the appendix all time series of both model types 
and both risk measures (Appendix 31-Appendix 40). It is to note that, since in estima-
tion differences are absolute deviations considered a value of zero bps represents a per-
fect replication, whereas a positive value indicates an overpriced risk by the market.  
 
Figure 11: Estimation Differences of Group 1 and Greece 
Considering the model-specific estimation differences of the advanced economies 
(group 1), it can be seen that the CART model replicates the historical spreads particu-
larly in the pre-crisis period better. (Figure 11) This property is especially in the Greek 
risk measures observable, where the parametric model is not able to handle dynamics in 
the relation between the exogenous variables and the risk measures. (Figure 11) In the 
following periods are in both measures mispricing observed, although the deviations of 
the non-parametric models are overall smaller. Respecting all estimation differences, we 
observe that both models react generally in the same way, but parametric models tend to 
react much more sensitively. 
In brief, we find that non-parametric models generally contain less estimation er-
ror in modeling sovereign risk measures. In particular, CART model is able to handle 
the variation of time series without anticipating upcoming spread changes. This is espe-
cially valuable in terms of gauging the relevance of underlying fundamentals at a specif-
ic time. Moreover, particularly in 2010 when the sovereign debt crisis swept over the 
periphery area markets, the highest misprices between underlying fundamentals and the 
risk indicators are observed. This may be related to changes in pricing behavior, which 
suggests that market participants perceive new market equilibrium. 
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Table 8: Time-Related Sum of Estimation Differences - CART Model 
In contrast to the time-related sum of estimation difference of the parametric 
model, we find in the estimation of the CART model considerably lower differences in 
mispricing. In general, there are hardly any replications, which misprice over 200 basis 
points except of the Greece and Portugal sovereign risk. (Table 8) Hence, the highest 
estimation differences in this framework are in the SWEAP group contained, which is 
in line with the parametric model results. Moreover, periods after and during the crisis 
are generally worse estimated than the pre-crisis period. However, compared to the par-
ametric model, the tree-based model is able to handle the dynamics of the SWEAP 
group in the first two periods. Hence, these results suggest that non-parametric models 
are indeed better in modeling sovereign risk measures.  
 
 
Figure 12: Determinants of Bond Yield Spreads in a Classification Tree 
TIME-RELATED SUM OF PREDICTION DIFFERENCE: CART MODEL (in bps)
YSPR CSPR YSPR CSPR YSPR CSPR YSPR CSPR
AUSTRIA -12.75714286 -0.4205 46.9297619 28.17216667 -34.17261905 -27.75166667 2.04E-14 -1.07E-13
BELGIUM -6.66134E-16 -0.127 13.30833333 -42.6824881 -13.30833333 42.8094881 -2.04E-13 -4.26E-14
DENMARK 0.616071429 -0.071511905 7.517 43.72399603 -8.133071429 -43.65248413 -9.95E-14 1.95E-14
FRANCE -4.933333333 0.054333333 -8.1 85.222 13.03333333 -85.27633333 -7.11E-15 8.53E-14
GERMANY -24.83035714 5.77316E-15 38.94464286 65.66425 -14.11428571 -65.66425 -3.84E-13 -2.13E-14
GREECE -9.985714286 -10.01058824 -573.5265873 -884.5606562 583.5123016 894.5712444 2.73E-12 4.77E-12
HUNGARY 51.16071429 -3.39 -121.7458333 -99.8972 70.58511905 103.2872 3.69E-13 -4.55E-13
IRELAND -18.575 6.590294118 24.025 90.72488922 -5.45 -97.31518333 1.95E-13 1.49E-13
ITALY -5.471428571 0.481666667 83.725 109.7415476 -78.25357143 -110.2232143 -6.39E-14 4.83E-13
NETHERLANDS -0.642857143 -7.10543E-15 -4.388095238 -18.82895833 5.030952381 18.82895833 -1.07E-14 1.60E-14
POLAND -51.8625 -27.38633333 141.7467857 15.51316667 -89.88428571 11.87316667 -2.27E-13 -1.99E-13
PORTUGAL -0.4 -0.712 417.552381 375.0468512 -417.152381 -374.3348512 1.28E-13 3.13E-13
SPAIN -1.666666667 4.44089E-16 -51.40833333 -21.20774206 53.075 21.20774206 -2.63E-13 3.98E-13
SWEDEN -13.5125 -10.10314286 -45.0375 88.3058 58.55 -78.20265714 1.14E-13 -1.07E-13
TURKEY -70.16428571 -77.81401429 -30.3 67.10715714 100.4642857 10.70685714 -1.14E-13 -2.42E-13
UNITEDKINGDOM 7.1 7.42635 -81.9 10.36803393 74.8 -17.79438393 -8.53E-14 1.03E-13
GROUP 1 -1.866666667 -0.005 19.96547619 122.8114286 -18.09880952 -122.8064286 -8.53E-14 -7.11E-15
GROUP 2 -269.9119048 -0.112666667 305.1678571 151.344369 -35.25595238 -151.2317024 -9.95E-13 1.28E-13
GROUP 3 -2.24 -4.39375 683.6088889 781.381125 -681.3688889 -776.987375 -9.95E-14 4.97E-13
Mispricing: < ± 50 bps Mispricing: > ± 50 bps Mispricing: > ± 200 bps
PRE-CRISIS CRISIS POST-CRISIS OVERALL
x1 vix
x2 dgdp
x3 gdpgr
x4 inf
x5 ur
x6 ba
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Figure 13: Determinants of CDS Spreads in a Classification Tree 
Respecting the generic sovereign risk determinants classification trees, we find 
qualitative consistent results over all time periods in a complete different framework. In 
particular, our tree based CDS models suggest that a low debt-to-GDP ratio (less than 
125.7%) and a low unemployment rate (less than 8.9%) leads to a general low CDS 
spreads of less than 72 bps. (Figure 13) This is comparable to the results of Arakelian et 
al. (2015, p. 10), who characterize the ‘safe zone’ in Europe by low unemployment rate 
(< 11.75%) and low relative debt-to-GDP (< 119.6%) with an expected CDS spread of 
76 bps. Whereas in a high risk zone, where high unemployment rate (> 11.75%) moves 
together with high Debt-to-GDP ratio (> 93.65%) (Arakelian et al. 2015, p. 15). This is 
also consistent with our findings, where our ‘high risk zone’ exhibits debt-to-GDP ratio 
greater than 77% and high unemployment rate (> 10%). (Figure 12) The fact that we are 
able to determine a broad risk level for both sovereign risk indicators by two variables 
suggests the high relevance of those fundamentals. Afterwards there are differences 
between the classification trees of the CDS spread and bond yield spread. Bond yield 
spreads are explained by further country-specific risk such as the growth rate of GDP 
as well as inflation rate, while CDS spreads are explained by the liquidity risk indica-
tor. In both risk model is the international risk factor negligible. In the CDS classifica-
tion tree it represents one of the last decision nodes, whereas in the bond yield spreads it 
is even neglected. Therefore, this result confirms also from a non-parametric framework 
that international risk is over the complete time frame of subordinated relevance. By 
contrast, major driver of sovereign risk are still debt-related measures and unemploy-
ment rate. The importance of liquidity risk indicator is in this setting debatable, since 
both trees estimate different decision nodes. 
x1 vix
x2 dgdp
x3 gdpgr
x4 inf
x5 ur
x6 ba
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In the last section of the analysis we respect time-panels in the non-parametric 
setting. For this reason, we create for each time period as well as for each risk measure a 
decision tree. (Appendix 25-Appendix 30)  
In the pre-crisis period, are both risk indicators mainly priced by the growth rate 
of GDP and inflation rate. (Appendix 25-Appendix 26) Moreover, important in the first 
period are also changes in debt-to-GDP ratio. On the contrary, factors such as unem-
ployment rate or liquidity risk factor are in both decision trees secondary. The interna-
tional risk factor is in the pre-crisis period neglected as well and therefore of small im-
portance. During the financial crisis, sovereign risk market started to react much more 
sensible on debt-related measures or unemployment rate. (Appendix 27-Appendix 28) 
However, there are several differences in the order of relevance. CDS spreads are more 
related to the development of the international risk and liquidity risk, while yield 
spreads are still determined by the GDP growth rate. We find a significant shift in pric-
ing behavior during the crisis period in which market participants started to respect debt 
level beside of the GDP. In particular, CDS spreads seem to be more related to non-
country-specific risk factors during the crisis. The aftermath of the financial crisis re-
flects a more sustainable pricing behavior of market participants. (Appendix 29-
Appendix 30) Hence, the sovereign risk market determines the risk of a country primary 
on its debt-to-GDP ratio as well as its unemployment rate. Other credit risk related fac-
tors such as inflation or GDP growth rate are still an important risk driver, whereas li-
quidity risk and international risk are not anymore classified. Therefore, the European 
sovereign risk market prices default probability based on country-specific risk factors. 
In conclusion, modeling sovereign risk in a non-parametric framework con-
firms the qualitative findings of the parametric model. First, also in the non-parametric 
model CDS spreads tend to react more sensitively to changes in the underlying funda-
mentals than bond yield differentials. In terms of estimation power and goodness of fit, 
we found that classification and regression trees are significantly better in modeling 
sovereign risk measures. In particular, our estimation difference figures (Appendix 31-
Appendix 40) as well as the time related sum of estimation differences table (Table 8) 
suggest that CART model is able to handle the variation in the time series without antic-
ipating future spread changes.  
The underlying determinants in estimating sovereign risk prices are similar to 
the parametric analysis. In particular, the relative debt-to-GDP ratio and unemployment 
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rate explain primary both sovereign risk measures over the complete time frame. In a 
further analysis of the time-specific panels in the non-parametric framework, we found 
indications of time-varying pricing behavior during the three time periods. In the pre-
crisis period, market participants priced sovereign risk based on credit risk related indi-
cators such as GDP growth rate or inflation rate, whereas during the financial crisis 
market started to respect beside of GDP also the level of government’s debt, which is 
consistent with the panel data results. Hence, we found also in this finding a variation in 
risk pricing behavior and therefore a new perception of market expectation. The after-
math of the financial crisis is manifested mostly in the generic properties of sovereign 
risk. Country-specific risk factors such as debt-to-GDP and unemployment rate deter-
mine the general level of sovereign risk. By contrast, liquidity risk and international risk 
seem not to be relevant, despite the fact that we find in particular during crisis a gain in 
importance of these measures. 
4.4. Discussion 
In this section we discuss and conclude our empirical results regarding the stated hy-
potheses. Therefore, initially, we assess the accuracy of modeling sovereign risk in a 
parametric and a non-parametric setting in order to verify if parametric models are able 
to handle the dynamics of sovereign risk. Hence, we focus in this part on technical as-
pects of empirically modeling sovereign risk. On the contrary, in the second part we 
discuss the properties and particularly the dynamics of European sovereign risk markets 
in order to point out the presence of multiple equilibria. Therefore, we evaluate these 
hypotheses by consulting recent empirical findings. For this purpose, we motivate the 
discussion section by concluding the most relevant findings regarding the defined hy-
pothesis.  
4.4.1. Sovereign Risk in two different Frameworks 
The replication of sovereign risk measures show two completely different problem solv-
ing techniques with, however, qualitatively similar statistical figures. In the parametric 
model, as expected we found that a constant beta over the whole time period leads to 
discernible mispricing values, since this means in the economic sense that markets re-
spect underlying fundamentals constantly equally over time. In particular, we observed 
a certain repricing pattern suggesting in statistical terms that the model holds in the first 
period already information of future changes in price, which seems theoretically im-
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plausible. By estimating single coefficients in order to fit the time series as good as pos-
sible across the ‘time’ or rather the data sample, induces systematically to error prone 
model approximations. Hence, it is often easy to find a model that fits the historical time 
series well, but to find a model that correctly identifies relevant features of the time se-
ries is difficult. Therefore, we concluded that the concept of least squares method, 
which completely neglects the dependencies of time, is not able to take time-related 
effects in into account.  
This finding is in line with Bernoth and Erdogan (2010, p. 1), who states that 
linear models are not an appropriate approach to accurately model these non-linear dy-
namics of the sovereign risk market. For this purpose, we further analyzed in a panel 
data setting by composing time panels, in order to consider time-specific effects. In fact, 
the results of the time-fixed effects panel setting revealed a dynamic sovereign risk 
market, since we tested for discrete coefficient shifts. According to Bernoth and Er-
dogan (2010, p. 4), studies using discrete changing parametric models, find that the 
strength of market discipline varies over time. Indeed, we found that markets changing 
the relevance of certain risk components during the three time periods. Bernoth and Er-
dogan (2010, p. 4) suggests further in their study, that it might be more plausible to 
think of coefficients changing gradually over time, rather than having a discrete break-
point. For this reason, we applied the classification and regression tree approach as a 
non-parametric model. In order to evaluate the explanatory power and goodness of fit of 
the different models, we employed estimation difference measure, which captures the 
difference between actual and estimated sovereign risk. Finally, the non-parametric 
model results demonstrated the explanatory power of a machine learning technique.  
We found that non-parametric models generally connect more accurately under-
lying fundamentals to the actual spreads than the generic OLS models, even though 
qualitatively are both models similar. This is in line with Bernoth and Erdogan (2010, p. 
19), who state that a standard OLS fixed-effects model cannot adequately estimate the 
dynamics of the determinants of sovereign risk. More specific, we found that the CART 
model is able to identify reliable trends respectively market expectations, which is par-
ticularly essential when analyzing determinants at a certain time points. We conclude 
regarding the stated hypothesis that sovereign risk measures are indeed more accurately 
connected in a non-parametric setting than a parametric setting.  
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4.4.2. The Presence of Multiple Equilibria  
The comprehensive investigation of European sovereign risk exposes differences among 
the applied exogenous variables and across the European countries, which varies addi-
tionally over the observed time period. Hence, our analysis in a parametric as well as in 
a non-parametric reveals a dynamic and complex market in which participants change 
pricing behavior over time. 
Initially, we observed a general change in sensitivity on sovereign risk markets. 
The market-based sovereign risk indicators reflect differences in pricing and hence con-
sider not the same information. The replication of both risk measure with the multifac-
tor model as well as the non-parametric model suggest that CDS spreads generally react 
more sensitively to changes in fundamentals than bond differentials, which leads to con-
siderably higher estimation error and hence t-statistic closer to zero. In fact, generally 
we find that bond yield spreads are better explained by the applied exogenous variable 
set. Nevertheless, we found a discernible increase in sensitivity of market-based sover-
eign risk measures since the global financial crisis, which is connected to the more sen-
sitive pricing behavior towards changes in the underlying fundamentals. This is con-
sistent with Beirne and Fratzscher (2013, p. 81), who found that there has been a ‘wake-
up call’ contagion, as financial markets have become more sensitive to the underlying 
fundamental. 
Second, we found variations of the sovereign risk determinants over time. So, 
not only did market change its sensitivity, but also the relevance of the underlying fun-
damentals during the three respected periods. This is in line with the findings of Afonso 
et al. (2012, p. 24), who states that determinants of bond yield spreads in the Eurozone 
have changed significantly over time. In fact, a key finding of our analysis is that mar-
kets adjusted the determinants of the risk indicators due to the global financial crisis. In 
particular, macroeconomic variables have been gaining in importance. This finding is in 
line with Afonso et al. (2012, p. 22), who confirm that the menu of macro fundamentals 
priced by the markets has been becoming richer as the crisis evolves. Beirne and 
Fratzscher (2013, p. 72), verify that financial markets considered rather countries eco-
nomic fundamentals during the crisis compared to the pre-crisis period. However, we 
found in the parametric analysis as well as in the tree-based models, that country-
specific risk factors are constantly major drivers of both risk measures across the com-
plete time frame, even though their are variations in the importance among the credit 
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risk factors. Manganelli and Wolswijk (2009, p. 226) confirm that credit risk is priced in 
the European government bond markets, during crisis as well as in normal market cir-
cumstances.  
Furthermore, with respect to the time-related changes, markets priced sovereign 
risk primarily based on country-specific risk factors such as GDP growth rate and infla-
tion rate during the pre-crisis period. Codogno et al. (2003, p. 30) suggested that yield 
differentials point to incomplete fiscal consolidation and to the need for further conver-
gence of debt ratios. Our findings of time-specific models confirm this statement, in 
which due to the financial crisis the relative debt-to-GDP gained significantly in im-
portance. A reason for this finding is according to De Grauwe and Ji (2012, p. 15) that 
after years of neglecting high debt-to-GDP ratios, market participants became increas-
ingly worried about the debt-to-GDP ratios in the Eurozone, and reacted by raising 
spreads. In this view, sovereign risk was initially underpriced in the pre-crisis and then 
overpriced sovereign risk by focusing during crisis. This interpretation would confirm 
the suggested repricing pattern of the multifactor model in advanced economies and 
SWEAP states. Another alternative explanation, sovereign risk market is pricing default 
risk not primarily on current fundamentals but future fundamentals, expecting funda-
mentals of these countries to deteriorate markedly (Aizenman, et al. 2013, p. 54). How-
ever, Beirne and Fratzscher (2013, p. 72) suggest that the presence of contagion does 
not necessarily imply a mispricing or overpricing of sovereign risk for SWEAP states. 
Hence, it is debatable whether the market was under- or overpriced, although the over-
reaction of the relative debt-to-GDP measure implies in retrospective an underestima-
tion of this fundamental. Therefore, overall we found that sovereign risk measures are in 
the last decade particularly explained by country-specific risk factors.  
Regarding the two other risk factors, international and liquidity risk gained in-
deed in importance during the crisis. However, overall they seem to be secondary in 
pricing European sovereign risk, despite the fact that a common belief of markets and 
policymakers is that liquidity proxies such as bid-ask spreads explain a substantial part 
of sovereign risk since the start of the Monetary Union (Codogno et al., 2003, p. 29). In 
fact, Manganelli and Wolswijk (2009, p. 226) argue that liquidity risk is still a factor 
that is priced in by investors. Whereas Afonso et al. (2012, p. 24) found similar to our 
results that in contrast to the pre-crisis period, liquidity of debt is priced in the following 
year. Further, Codogno et al. (2003, p. 29) also conclude that bid-ask spreads have little 
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effect on bond yield differentials. However, we cannot clearly state to what extent sov-
ereign risk markets considered liquidity and international risk factors during the ob-
served time frame  
Third, our empirical results suggest the presence of price discrimination in the 
sovereign risk market. Our parametric model results showed a general inhomogeneity 
among European sovereigns, in particular in advanced economies (group 1) and 
SWEAP states (group 3). According to Afonso et al. (2012, p. 16) they suggest a di-
chotomy between core and periphery European countries. Hence, this finding may sug-
gest that sovereign risk market does not particularly distinguish in an economy’s condi-
tion and its fundamentals, but rather its geographical affiliation. Moreover, especially 
since crisis sovereign risk markets have been charging considerably higher risk premi-
ums on SWEAP and emerging markets. This is in line with Beirne and Fratzscher 
(2013, p. 75), who state that all Euro states had similar fixed effects during the pre-crisis 
period, but different premiums during the crisis. Therefore, it can be stated that discrim-
ination in pricing sovereign risk still exists. 
In conclusion, regarding our hypothesis of the presence of multiple equilibria 
on the European sovereign risk market, we concluded and discussed several empirical 
evidences, which imply the existence of different market equilibria. First, the increased 
sensitivity of the market-based default risk prices implies a new market expectation, 
which is manifested in a widespread uncertainty. This uncertainty is reflected in the 
higher risk premiums on certain states, which indicates simultaneously the existing 
price discrimination on the European sovereign risk market. Finally, the variations of 
sovereign risk determinants suggest that market estimate risk based on other expectation 
and hence another market equilibrium. Given these findings, we are able to verify the 
presence of multiple equilibria across time as well as among European countries. 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  48 
5. Conclusion 
This thesis has analyzed the characteristics and dynamics of the European sovereign risk 
market in two different modeling frameworks. We assessed whether a non-parametric 
model can more accurately connect sovereign risk measures with a set of exogenous 
variables than a multifactor model. Further we investigated the properties of European 
sovereign risk measures and its underlying fundamentals as well as different groups of 
countries in order to verify the presence of multiple equilibria in the European markets. 
In this section, statements to the research questions are given. Moreover, recommenda-
tions for future course of action as well as limitation of the analysis are provided. 
Modeling sovereign risk with parametric and non-parametric models demon-
strated the importance of selecting an appropriate approach. Although, both frameworks 
are based on completely different problem solving techniques, qualitatively they repre-
sent similar statistical figures. In fact, our empirical results revealed with both ap-
proaches a time-varying sovereign risk market. The parametric model, which applies 
constant betas over twelve years leads, however, to discernible estimation errors, since 
it means in the economic sense that markets respect underlying fundamentals constant-
ly. Hence, we further moved on with a time-specific parametric model, which captures 
discrete changes in the influence of the exogenous variables and found discernible 
changes in the underlying determinants over time. Since it might be more plausible to 
think of coefficients changing gradually over time, we applied finally a tree-based mod-
el. We found indeed that the non-parametric model generally connects the underlying 
exogenous variables more accurately to the actual spreads than the generic OLS models. 
We conclude regarding the stated research question that sovereign risk measures are 
indeed more accurately connected in a non-parametric setting than in a parametric set-
ting. 
The presence of multiple equilibria in the European sovereign risk market was 
confirmed by a comprehensive parametric statistically and was further supported by a 
non-parametric model. Thus, we found sufficient indications of the existence different 
market expectations on sovereign risk measures. On the one hand, our applied risk indi-
cators suggested time dynamics in the sensitivity of a fundamental, in particular during 
the crisis. On the other hand, we found that the determinants of sovereign risk changes 
during the periods, however, the major drivers of the likelihood of default are country-
specific risk indicators, such as debt-to-GDP ratio, unemployment rate or GDP growth 
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rate. Hence, we observed in our sample significant changes in market expectations over 
time, which indicates as well adjustments in the perception of market equilibrium. Ad-
ditionally, we found evidence of discrimination in pricing sovereign risk. Thus, market 
participants distinguish consciously the geographical affiliation of a sovereign by charg-
ing discernible amount of risk premium. Given these facts, we are able to verify the 
presence of multiple equilibria across time as well as among European countries. 
The findings of this study reveal a complex and time-varying environment in the 
market of sovereign default risk. With respect to the fact that movements in government 
securities are reflected by new information about the fundamental in the asset prices 
indicates that such dynamic markets are to a certain extent unpredictable. In terms of 
Zunino et al. (2012), the informational efficiency retains indeed as maybe one of the 
most elusive issues in financial economics.  
 
5.1. Recommendation for Course of Action 
The discrete shifts of coefficients in a parametric framework suggested indications of 
the existence of more than one market equilibrium. However, we found also in our 
study that it is difficult to capture adequately market dynamics with the ordinary least 
squares approach. On the contrary, we suggest proceeding further with non-parametric 
modeling techniques. However, even the tree-based model was not able to handle the 
dynamics during the time period 2009-2015. Hence, we recommend applying yearly 
dummies as response variable in the non-parametric framework, since it is able to re-
gress categorical variables.  
Further, it is recommended to distinguish between short-term and long-term 
market equilibrium with respect to time-related fundamentals. In terms of the applied 
variable set, we found that country-specific variables are generally significant. Hence, 
we suggest applying tax-related variables as well.  
Moreover, our findings reveal a developing dichotomy between core Europe and 
periphery states. Since the definition of the development stage is somehow qualitative 
and may change over time, we suggest composing groups based on geographical affilia-
tion instead of economy’s stage of development. 
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5.2. Bounds of the Study 
The European sovereign risk markets reflect a number of interdependencies and time-
related changes. Hence, we facilitated the ex-post analyses by taking the position of the 
market and focusing on grouped European countries, which allowed us to comprehen-
sively examine and reduce the high complexity of the European markets.  
Therefore, the country-specific analyses are secondary and complementary in 
order to understand group-related futures. Similarly, the underlying fundamentals are 
exclusively considered in relation to the sovereign risk measures. For this reason, we 
ignored historical development of the underlying variables and refer to the ceteris pari-
bus assumption. Furthermore, we neglected the group- as well as country-specific anal-
ysis in the non-parametric framework, since the focus of that analysis section was pri-
marily on the accuracy in modeling sovereign risk. Regarding modeling sovereign risk, 
since it is an ex-post analysis approach conducted, all models are not designed for in-
vestment purposes. 
As already mentioned, every kind of legal framework is out of scope for this pa-
per. Similarly, political interventions are also not taken into consideration in this analy-
sis.  
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  51 
References 
Afonso, A., Arghyrou M. & Kontonikas. (2012). The determinants of sovereign bond 
yield spreads in the EMU (Working Paper No. 36/12). Retrieved May 14, 2016 
from http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2223140 
Aizenman, J., Hutchison, M., & Jinjarak, Y. (2013). What is the risk of European sover-
eign debt defaults? Fiscal space, CDS spreads and market pricing of risk. Jour-
nal of International Money and Finance, 34, 37-59. 
Arakelian, V., Dellaportas, P., Savona, R. & Vezzoli, M. (2015). European Sovereign 
Systemic Risk Zones (Working Paper No. 13/15). Retrieved May 14, 2016 from 
http://syrtoproject.eu/wp-content/uploads/2015/11/13_UNIBS10.pdf 
Attinasi, M. G., Checherita-Westphal, C. D., & Nickel, C. (2009). What explains the 
surge in euro area sovereign spreads during the financial crisis of 2007-09? 
(Working Paper No. 1131/12). Retrieved May 14, 2016 from 
http://papers.ssrn.com/sol3/Papers.cfm?abstract_id=1520351 
Beirne, J., & Fratzscher, M. (2013). The pricing of sovereign risk and contagion during 
the European sovereign debt crisis. Journal of International Money and Finance, 
34, 60-82. 
Bernoth, K., & Erdogan, B. (2012). Sovereign bond yield spreads: A time-varying coef-
ficient approach. Journal of International Money and Finance, 31(3), 639-656. 
Bernoth, K., & Wolff, G. B. (2008). Fool the markets? Creative accounting, fiscal 
transparency and sovereign risk premiums. Scottish Journal of Political Econo-
my, 55(4), 465-487. 
Cantor, R., & Packer, F. (1996). Determinants and impact of sovereign credit ratings. 
Economic policy review, 2(2), 37-54.  
Codogno, L., Favero, C., & Missale, A. (2003). Yield spreads on EMU government 
bonds. Economic Policy, 18(37), 503-532. 
Connor, G. (1995). The three types of factor models: A comparison of their explanatory 
power. Financial Analysts Journal, 51(3), 42-46. 
 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  52 
De Santis, R. A. (2012). The Euro area sovereign debt crisis: safe haven, credit rating 
agencies and the spread of the fever from Greece, Ireland and Portugal (Working 
Paper No. 1419). Retrieved May 14, 2016 from 
http://papers.ssrn.com/sol3/Papers.cfm?abstract_id=1991159 
De Grauwe, P., & Ji, Y. (2012). Mispricing of sovereign risk and multiple equilibria in 
the Eurozone (Centre for European Policy Working Paper No. 361). Retrieved 
May 14, 2016 from http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1996484 
Faini, R. (2006). Fiscal policy and interest rates in Europe. Economic Policy, 21(47), 
444-489. 
Fleming, M. J., & Remolona, E. M. (1997). What moves the bond market?. Economic 
policy review, 3(4), 31-50. 
Fontana, A., & Scheicher, M. (2010). An analysis of euro area sovereign CDS and their 
relation with government bonds (Working Paper No. 1271). Retrieved May 14, 
2016 from http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1715483 
Hilscher, J., & Nosbusch, Y. (2010). Determinants of sovereign risk: macroeconomic 
fundamentals and the pricing of sovereign debt. Review of Finance, 14(2), 235-
262. 
Hull, J., Predescu, M., & White, A. (2004). The relationship between credit default 
swap spreads, bond yields, and credit rating announcements. Journal of Banking 
& Finance, 28(11), 2789-2811. 
Laubach, T. (2009). New evidence on the interest rate effects of budget deficits and 
debt. Journal of the European Economic Association, 7(4), 858-885. 
Malkiel, B. G. (2011, October). The efficient-market hypothesis and the financial crisis. 
In Rethinking Finance: Perspectives on the Crisis (Proceedings of a Conference). 
Russel Sage Foundation. Princeton, USA. 
Manganelli, S., & Wolswijk, G. (2009). What Drives Spreads in the Euro Area Gov-
ernment Bond Market?. Economic Policy, 24(58), 191-240. 
Zunino, L., Bariviera, A. F., Guercio, M. B., Martinez, L. B., & Rosso, O. A. (2012). 
On the efficiency of sovereign bond markets. Physica A: Statistical Mechanics 
and its Applications, 391(18), 4342-4349. 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  53 
Appendices 
Appendix 1: Multifactor Models of all Groups (Consolidated) ...................................... 56	
Appendix 2: Time-Related Sum of Estimation Differences – Multifactor Model ......... 56	
Appendix 3: Time-Related Sum of Estimation differences – CART Model .................. 56	
Appendix 4: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Austria ..................................................................................................................... 57	
Appendix 5: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Belgium ................................................................................................................... 57	
Appendix 6: Sovereign Risk Modeling in Parametric and Non-Parametric Model - 
Denmark .................................................................................................................. 57	
Appendix 7: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
France ...................................................................................................................... 58	
Appendix 8: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Germany .................................................................................................................. 58	
Appendix 9: Sovereign Risk Modeling in Parametric and Non-Parametric Model - 
Greece ..................................................................................................................... 58	
Appendix 10: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Hungary ................................................................................................................... 59	
Appendix 11: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Ireland ..................................................................................................................... 59	
Appendix 12: Sovereign Risk Modeling in Parametric and Non-Parametric Model - 
Italy ......................................................................................................................... 59	
Appendix 13: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Netherlands ............................................................................................................. 60	
Appendix 14: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Poland ..................................................................................................................... 60	
Appendix 15: Sovereign Risk Modeling in Parametric and Non-Parametric Model - 
Portugal ................................................................................................................... 60	
Appendix 16: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Spain ....................................................................................................................... 61	
Appendix 17: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Sweden .................................................................................................................... 61	
Appendix 18: Sovereign Risk Modeling in Parametric and Non-Parametric Model - 
Turkey ..................................................................................................................... 61	
Appendix 19: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
United Kingdom ...................................................................................................... 62	
Appendix 20: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Group 1 ................................................................................................................... 62	
Appendix 21: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Group 2 ................................................................................................................... 62	
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  54 
Appendix 22: Sovereign Risk Modeling in Parametric and Non-Parametric Model – 
Group 3 ................................................................................................................... 63	
Appendix 23: Determinants of Bond Yield Spreads in a Classification Tree (all periods)
 ................................................................................................................................. 63	
Appendix 24: Determinants of CDS Spreads in a Classification Tree (all periods) ....... 63	
Appendix 25: Determinants of Bond Yield Spreads in a Classification Tree (period 1) 64	
Appendix 26: Determinants of CDS Spreads in a Classification Tree (period 1) .......... 64	
Appendix 27: Determinants of Bond Yield Spreads in a Classification Tree (period 2) 64	
Appendix 28: Determinants of CDS Spreads in a Classification Tree (period 2) .......... 64	
Appendix 29: Determinants of Bond Yield Spreads in a Classification Tree (period 3) 65	
Appendix 30: Determinants CDS Spreads in a Classification Tree (period 3) ............... 65	
Appendix 31: Estimation differences of Austria and Belgium ....................................... 65	
Appendix 32: Estimation Differences of Denmark and France ...................................... 66	
Appendix 33: Estimation Differences of Germany and Greece ..................................... 66	
Appendix 34: Estimation Differences of Hungary and Ireland ...................................... 66	
Appendix 35: Estimation Differences of Italy and Netherlands ..................................... 67	
Appendix 36: Estimation Differences of Poland and Portugal ....................................... 67	
Appendix 37: Estimation Differences of Spain and Sweden .......................................... 67	
Appendix 38: Estimation Differences of Turkey and United Kingdom ......................... 68	
Appendix 39: Estimation Differences of Group 1 and Group 2 ..................................... 68	
Appendix 40: Estimation Differences of Group 3 .......................................................... 68	
Appendix 41: Multifactor Model Results of CDS and Bond Yield Spreads of Austria . 69	
Appendix 42: Multifactor Model Results of CDS and Bond Yield Spreads of Belgium 69	
Appendix 43: Multifactor Model Results of CDS and Bond Yield Spreads of Denmark
 ................................................................................................................................. 69	
Appendix 44: Multifactor Model Results of CDS and Bond Yield Spreads of France .. 69	
Appendix 45: Multifactor Model Results of CDS and Bond Yield Spreads of Germany
 ................................................................................................................................. 70	
Appendix 46: Multifactor Model Results of CDS and Bond Yield Spreads of Greece . 70	
Appendix 47: Multifactor Model Results of CDS and Bond Yield Spreads of Hungary
 ................................................................................................................................. 70	
Appendix 48: Multifactor Model Results of CDS and Bond Yield Spreads of Ireland . 70	
Appendix 49: Multifactor Model Results of CDS and Bond Yield Spreads of Italy ..... 71	
Appendix 50: Multifactor Model Results of CDS and Bond Yield Spreads of 
Netherlands ............................................................................................................. 71	
Appendix 51: Multifactor Model Results of CDS and Bond Yield Spreads of Poland .. 71	
Appendix 52: Multifactor Model Results of CDS and Bond Yield Spreads of Portugal 71	
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  55 
Appendix 53: Multifactor Model Results of CDS and Bond Yield Spreads of Spain .... 72	
Appendix 54: Multifactor Model Results of CDS and Bond Yield Spreads of Sweden 72	
Appendix 55: Multifactor Model Results of CDS and Bond Yield Spreads of Turkey . 72	
Appendix 56: Multifactor Model Results of CDS and Bond Yield Spreads of United 
Kingdom ................................................................................................................. 72	
Appendix 57: Multifactor Model Results of CDS and Bond Yield Spreads of Group 1 73	
Appendix 58: Multifactor Model Results of CDS and Bond Yield Spreads of Group 2 73	
Appendix 59: Multifactor Model Results of CDS and Bond Yield Spreads of Group 3 73	
Appendix 60: Pooled Panel Model Results of CDS and Bond Yield Spreads ............... 74	
Appendix 61: Pooled vs. Fixed-Effects Panel Plots ....................................................... 74	
Appendix 62: Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads ..... 75	
Appendix 63: Fixed-Effects Panel Plots of VIX Index and Debt-to-GDP ..................... 75	
Appendix 64: Fixed-Effects Panel Plots of Unemployment Rate and Debt-to-GDP Ratio
 ................................................................................................................................. 76	
Appendix 65: Fixed-Effects Panel Plots of Inflation Rate and Bid-Ask Spread ............ 76	
Appendix 66: Time Fixed-Effects Models of all Periods (Consolidated) ...................... 77	
Appendix 67: Time Fixed-Effects Panel Plots of VIX Index ......................................... 77	
Appendix 68: Time Fixed-Effects Panel Plots of Debt-to-GDP Ratio ........................... 77	
Appendix 69: Time Fixed-Effects Panel Plots of GDP Growth Rate ............................. 78	
Appendix 70: Time Fixed-Effects Panel Plots of Inflation Rate .................................... 78	
Appendix 71: Time Fixed-Effects Panel Plots of Unemployment Rate ......................... 78	
Appendix 72: Time Fixed-Effects Panel Plots of Bid-Ask Spread ................................. 79	
Appendix 73: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads 
(Time Panel 1) ......................................................................................................... 79	
Appendix 74: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads 
(Time Panel 2) ......................................................................................................... 80	
Appendix 75: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads 
(Time Panel 3) ......................................................................................................... 80	
Appendix 76: Mathematical Notation and Terminology ................................................ 81	
Appendix 77: Overview of Yield Spread Coefficients (MATLAB Prediction Slice Plots)
 ................................................................................................................................. 81	
Appendix 78: Overview of CDS Spread Coefficients (MATLAB Prediction Slice Plots)
 ................................................................................................................................. 81	
 
Multivariate Sovereign Risk Modeling 
Bachelor Thesis, Zurich University of Applied Sciences, Winterthur  56 
 
Appendix 1: Multifactor Models of all Groups (Consolidated) 
 
 
Appendix 2: Time-Related Sum of Estimation Differences – Multifactor Model 
 
 
Appendix 3: Time-Related Sum of Estimation differences – CART Model 
 MULTIFACTOR MODEL OUTPUT (CONSOLIDATED Values in bps)
Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat
(Intercept) -64.141 -2.4869 -639.81 -4.1022 -268.81 -1.6688 -188.32 -4.6679 -1002.7 -7.963 -270.21 -2.4571
VIXINDEX 0.64699 2.0255 9.8623 6.0093 1.6511 0.54748 1.8812 3.7651 7.3427 5.5416 2.9427 1.4291
DGDP 81.887 4.3762 566.89 2.8101 -526.41 -3.2217 148.4 5.0702 1408.9 8.6502 -445.19 -3.9908
GDPGR 1.2954 0.002964 742.36 2.3444 1120.2 0.3139 1016.6 1.4871 173.57 0.67894 1353.7 0.55562
INF 717.95 1.522 3135.5 2.68 2881.5 0.81852 1590 2.1548 1786.7 1.8915 2367.9 0.98521
UR 0.76919 0.22264 38.007 5.8754 70.155 4.2382 6.8663 1.2705 10.54 2.0181 61.082 5.4048
BA 3.1866 2.3802 9.4271 3.2173 10.51 4.5341 7.2063 3.4411 3.2668 1.3809 11.485 7.2573
RMSE 13.3 68.5 120 20.8 55.3 81.9
Adj. R-Sq. 0.558 0.703 0.729 0.699 0.795 0.854
YSPR_G1 CSPR_G3CSPR_G2CSPR_G1YSPR_G3YSPR_G2
TIME-RELATED SUM OF PREDICTION DIFFERENCE: CART MODEL (in bps)
YSPR CSPR YSPR CSPR YSPR CSPR YSPR CSPR
AUSTRIA -12.75714286 -0.4205 46.9297619 28.17216667 -34.17261905 -27.75166667 2.04E-14 -1.07E-13
BELGIUM -6.66134E-16 -0.127 13.30833333 -42.6824881 -13.30833333 42.8094881 -2.04E-13 -4.26E-14
DENMARK 0.616071429 -0.071511905 7.517 43.72399603 -8.133071429 -43.65248413 -9.95E-14 1.95E-14
FRANCE -4.933333333 0.054333333 -8.1 85.222 13.03333333 -85.27633333 -7.11E-15 8.53E-14
GERMANY -24.83035714 5.77316E-15 38.94464286 65.66425 -14.11428571 -65.66425 -3.84E-13 -2.13E-14
GREECE -9.985714286 -10.01058824 -573.5265873 -884.5606562 583.5123016 894.5712444 2.73E-12 4.77E-12
HUNGARY 51.16071429 -3.39 -121.7458333 -99.8972 70.58511905 103.2872 3.69E-13 -4.55E-13
IRELAND -18.575 6.590294118 24.025 90.72488922 -5.45 -97.31518333 1.95E-13 1.49E-13
ITALY -5.471428571 0.481666667 83.725 109.7415476 -78.25357143 -110.2232143 -6.39E-14 4.83E-13
NETHERLANDS -0.642857143 -7.10543E-15 -4.388095238 -18.82895833 5.030952381 18.82895833 -1.07E-14 1.60E-14
POLAND -51.8625 -27.38633333 141.7467857 15.51316667 -89.88428571 11.87316667 -2.27E-13 -1.99E-13
PORTUGAL -0.4 -0.712 417.552381 375.0468512 -417.152381 -374.3348512 1.28E-13 3.13E-13
SPAIN -1.666666667 4.44089E-16 -51.40833333 -21.20774206 53.075 21.20774206 -2.63E-13 3.98E-13
SWEDEN -13.5125 -10.10314286 -45.0375 88.3058 58.55 -78.20265714 1.14E-13 -1.07E-13
TURKEY -70.16428571 -77.81401429 -30.3 67.10715714 100.4642857 10.70685714 -1.14E-13 -2.42E-13
UNITEDKINGDOM 7.1 7.42635 -81.9 10.36803393 74.8 -17.79438393 -8.53E-14 1.03E-13
GROUP 1 -1.866666667 -0.005 19.96547619 122.8114286 -18.09880952 -122.8064286 -8.53E-14 -7.11E-15
GROUP 2 -269.9119048 -0.112666667 305.1678571 151.344369 -35.25595238 -151.2317024 -9.95E-13 1.28E-13
GROUP 3 -2.24 -4.39375 683.6088889 781.381125 -681.3688889 -776.987375 -9.95E-14 4.97E-13
Mispricing: < ± 50 bps Mispricing: > ± 50 bps Mispricing: > ± 200 bps
PRE-CRISIS CRISIS POST-CRISIS OVERALL
TIME-RELATED SUM OF PREDICTION DIFFERENCE: CART MODEL (in bps)
YSPR CSPR YSPR CSPR YSPR CSPR YSPR CSPR
AUSTRIA -12.75714286 -0.4205 46.9297619 28.17216667 -34.17261905 -27.75166667 2.04E-14 -1.07E-13
BELGIUM -6.66134E-16 -0.127 13.30833333 -42.6824881 -13.30833333 42.8094881 -2.04E-13 -4.26E-14
DENMARK 0.616071429 -0.071511905 7.517 43.72399603 -8.133071429 -43.65248413 -9.95E-14 1.95E-14
FRANCE -4.933333333 0.054333333 -8.1 85.222 13.03333333 -85.27633333 -7.11E-15 8.53E-14
GERMANY -24.83035714 5.77316E-15 38.94464286 65.66425 -14.11428571 -65.66425 -3.84E-13 -2.13E-14
GREECE -9.985714286 -10.01058824 -573.5265873 -884.5606562 583.5123016 894.5712444 2.73E-12 4.77E-12
HUNGARY 51.16071429 -3.39 -121.7458333 -99.8972 70.58511905 103.2872 3.69E-13 -4.55E-13
IRELAND -18.575 6.590294118 24.025 90.72488922 -5.45 -97.31518333 1.95E-13 1.49E-13
ITALY -5.471428571 0.481666667 83.725 109.7415476 -78.25357143 -110.2232143 -6.39E-14 4.83E-13
NETHERLANDS -0.642857143 -7.10543E-15 -4.388095238 -18.82895833 5.030952381 18.82895833 -1.07E-14 1.60E-14
POLAND -51.8625 -27.38633333 141.7467857 15.51316667 -89.88428571 11.87316667 -2.27E-13 -1.99E-13
PORTUGAL -0.4 -0.712 417.552381 375.0468512 -417.152381 -374.3348512 1.28E-13 3.13E-13
SPAIN -1.666666667 4.44089E-16 -51.40833333 -21.20774206 53.075 21.20774206 -2.63E-13 3.98E-13
SWEDEN -13.5125 -10.10314286 -45.0375 88.3058 58.55 -78.20265714 1.14E-13 -1.07E-13
TURKEY -70.16428571 -77.81401429 -30.3 67.10715714 100.4642857 10.70685714 -1.14E-13 -2.42E-13
UNITEDKINGDOM 7.1 7.42635 -81.9 10.36803393 74.8 -17.79438393 -8.53E-14 1.03E-13
GROUP 1 -1.866666667 -0.005 19.96547619 122.8114286 -18.09880952 -122.8064286 -8.53E-14 -7.11E-15
GROUP 2 -269.9119048 -0.112666667 305.1678571 151.344369 -35.25595238 -151.2317024 -9.95E-13 1.28E-13
GROUP 3 -2.24 -4.39375 683.6088889 781.381125 -681.3688889 -776.987375 -9.95E-14 4.97E-13
Mispricing: < ± 50 bps Mispricing: > ± 50 bps Mispricing: > ± 200 bps
PRE-CRISIS CRISIS POST-CRISIS OVERALL
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Appendix 4: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Austria 
 
 
Appendix 5: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Belgium 
 
 
Appendix 6: Sovereign Risk Modeling in Parametric and Non-Parametric Model - Denmark 
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Appendix 7: Sovereign Risk Modeling in Parametric and Non-Parametric Model – France 
 
 
Appendix 8: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Germany 
 
 
Appendix 9: Sovereign Risk Modeling in Parametric and Non-Parametric Model - Greece 
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Appendix 10: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Hungary 
 
 
Appendix 11: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Ireland 
 
 
Appendix 12: Sovereign Risk Modeling in Parametric and Non-Parametric Model - Italy 
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Appendix 13: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Netherlands 
 
 
Appendix 14: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Poland 
 
 
Appendix 15: Sovereign Risk Modeling in Parametric and Non-Parametric Model - Portugal 
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Appendix 16: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Spain 
 
 
Appendix 17: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Sweden 
 
 
Appendix 18: Sovereign Risk Modeling in Parametric and Non-Parametric Model - Turkey 
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Appendix 19: Sovereign Risk Modeling in Parametric and Non-Parametric Model – United Kingdom 
 
 
Appendix 20: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Group 1 
 
  
Appendix 21: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Group 2 
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Appendix 22: Sovereign Risk Modeling in Parametric and Non-Parametric Model – Group 3 
 
 
Appendix 23: Determinants of Bond Yield Spreads in a Classification Tree (all periods) 
 
 
Appendix 24: Determinants of CDS Spreads in a Classification Tree (all periods) 
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Appendix 25: Determinants of Bond Yield Spreads in a Classification Tree (period 1) 
 
Appendix 26: Determinants of CDS Spreads in a Classification Tree (period 1) 
 
Appendix 27: Determinants of Bond Yield Spreads in a Classification Tree (period 2) 
 
Appendix 28: Determinants of CDS Spreads in a Classification Tree (period 2) 
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Appendix 29: Determinants of Bond Yield Spreads in a Classification Tree (period 3) 
 
 
Appendix 30: Determinants CDS Spreads in a Classification Tree (period 3) 
 
 
Appendix 31: Estimation differences of Austria and Belgium 
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Appendix 32: Estimation Differences of Denmark and France 
 
 
Appendix 33: Estimation Differences of Germany and Greece 
 
 
Appendix 34: Estimation Differences of Hungary and Ireland 
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Appendix 35: Estimation Differences of Italy and Netherlands 
 
 
Appendix 36: Estimation Differences of Poland and Portugal 
 
 
Appendix 37: Estimation Differences of Spain and Sweden 
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Appendix 38: Estimation Differences of Turkey and United Kingdom 
 
Appendix 39: Estimation Differences of Group 1 and Group 2 
 
Appendix 40: Estimation Differences of Group 3 
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Appendix 41: Multifactor Model Results of CDS and Bond Yield Spreads of Austria 
 
 
Appendix 42: Multifactor Model Results of CDS and Bond Yield Spreads of Belgium 
 
 
Appendix 43: Multifactor Model Results of CDS and Bond Yield Spreads of Denmark 
 
 
Appendix 44: Multifactor Model Results of CDS and Bond Yield Spreads of France 
Model 1: Multifactor Model Austria Model 1: Multifactor Model Austria
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 49.421 55.938 0.8835 0.382 (Intercept) -25.926 87.502 -0.2963 0.76846
VIXINDEX -0.17772 0.51148 -0.34747 0.72998 VIXINDEX 0.27523 0.80009 0.344 0.73256
DGDP 123.82 42.27 2.9292 0.005472 DGDP 211.81 66.121 3.2034 0.002592
GDPGR -722.62 651.19 -1.1097 0.27345 GDPGR -915.83 1018.6 -0.89906 0.37374
INF 543.65 586.61 0.92678 0.35934 INF 678.31 917.61 0.73921 0.46389
UR -27.641 7.6908 -3.594 0.00084852 UR -28.226 12.03 -2.3462 0.02376
BA 6.8619 1.5614 4.3947 7.39E-05 BA 12.267 2.4424 5.0225 9.90E-06
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 17.5 Root Mean Squared Error: 27.4
R-squared: 0.748,  Adjusted R-Squared 0.712 R-squared: 0.77,  Adjusted R-Squared 0.737
F-statistic vs. constant model: 20.8, p-value = 3.81e-11 F-statistic vs. constant model: 23.4, p-value = 6.3e-12
Model 1: Multifactor Model Belgium Model 1: Multifactor Model Belgium
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -158.16 116.34 -1.3595 0.18125 (Intercept) -368.8 170.52 -2.1627 0.036306
VIXINDEX 1.957 0.78393 2.4964 0.016555 VIXINDEX 1.9292 1.1491 1.6789 0.1006
DGDP 510.58 101.52 5.0296 9.67E-06 DGDP 901.84 148.8 6.0608 3.25E-07
GDPGR 1372.8 1148.5 1.1952 0.2387 GDPGR 4063.7 1683.5 2.4139 0.020222
INF 1388.4 996.6 1.3932 0.1709 INF 1399.5 1460.8 0.95805 0.34352
UR -48.381 12.551 -3.8548 0.00039083 UR -72.398 18.397 -3.9354 0.0003063
BA 4.1173 1.2167 3.3841 0.0015573 BA 4.7996 1.7833 2.6914 0.010172
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 33.6 Root Mean Squared Error: 49.2
R-squared: 0.699,  Adjusted R-Squared 0.656 R-squared: 0.646,  Adjusted R-Squared 0.595
F-statistic vs. constant model: 16.3, p-value = 1.4e-09 F-statistic vs. constant model: 12.8, p-value = 3.76e-08
Model 1: Multifactor Model Denmark Model 1: Multifactor Model Denmark
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 0.10025 27.659 0.0036245 0.99713 (Intercept) -78.067 28.595 -2.7301 0.0092122
VIXINDEX 1.7223 0.52165 3.3016 0.0019682 VIXINDEX 1.077 0.53929 1.9972 0.052315
DGDP -43.193 96.871 -0.44588 0.65797 DGDP 9.3924 100.15 0.093786 0.92573
GDPGR 94.395 521.27 0.18109 0.85717 GDPGR 286.39 538.9 0.53144 0.59792
INF 367.56 513.72 0.71549 0.47827 INF 457.39 531.09 0.86122 0.39401
UR 0.70641 4.4135 0.16006 0.8736 UR 9.4682 4.5627 2.0751 0.044139
BA -0.14937 1.5568 -0.095949 0.92402 BA 6.212 1.6094 3.8598 0.000385
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 22.3 Root Mean Squared Error: 23
R-squared: 0.332,  Adjusted R-Squared 0.237 R-squared: 0.586,  Adjusted R-Squared 0.526
F-statistic vs. constant model: 3.48, p-value = 0.00692 F-statistic vs. constant model: 9.89, p-value = 8.52e-07
Model 1: Multifactor Model France Model 1: Multifactor Model France
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -63.216 53.327 -1.1854 0.2425 (Intercept) -268.16 114.53 -2.3413 0.024035
VIXINDEX 0.64306 0.49645 1.2953 0.20229 VIXINDEX 2.0067 1.0662 1.882 0.066774
DGDP 142.48 51.089 2.7888 0.0079158 DGDP 199.33 109.73 1.8166 0.076418
GDPGR 120.51 631.99 0.19068 0.84969 GDPGR 1593.7 1357.3 1.1741 0.24695
INF 1484.7 603.12 2.4617 0.018017 INF 3519.7 1295.3 2.7172 0.0095233
UR -6.5459 7.9228 -0.82622 0.41335 UR 6.7984 17.016 0.39953 0.69153
BA 5.3119 1.7819 2.981 0.0047643 BA 11.324 3.8271 2.959 0.0050536
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 18.1 Root Mean Squared Error: 38.8
R-squared: 0.582,  Adjusted R-Squared 0.522 R-squared: 0.55,  Adjusted R-Squared 0.486
F-statistic vs. constant model: 9.75, p-value = 1.01e-06 F-statistic vs. constant model: 8.56, p-value = 4.28e-06
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Appendix 45: Multifactor Model Results of CDS and Bond Yield Spreads of Germany 
 
 
Appendix 46: Multifactor Model Results of CDS and Bond Yield Spreads of Greece 
 
 
Appendix 47: Multifactor Model Results of CDS and Bond Yield Spreads of Hungary 
 
 
Appendix 48: Multifactor Model Results of CDS and Bond Yield Spreads of Ireland 
Model 1: Multifactor Model Germany Model 1: Multifactor Model Germany
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 748.24 317.99 2.3531 0.023377 (Intercept) -395.76 58.438 -6.7723 3.08E-08
VIXINDEX 5.1907 1.633 3.1787 0.0027763 VIXINDEX 1.8545 0.34004 5.4537 2.41E-06
DGDP -140.03 39.156 -3.5763 0.00089362 DGDP 453.53 55.371 8.1908 3.03E-10
GDPGR 1005.8 1449.6 0.69382 0.49161 GDPGR 254.87 361.62 0.70478 0.48483
INF 6714.2 2389.3 2.8101 0.0074899 INF 629.69 487.02 1.2929 0.2031
UR 22.755 11.7 1.9449 0.0585 UR 6.1175 2.1254 2.8782 0.0062636
BA 3.2554 7.0413 0.46234 0.64623 BA 2.3253 1.3691 1.6984 0.096824
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 70.1 Root Mean Squared Error: 14.1
R-squared: 0.734,  Adjusted R-Squared 0.696 R-squared: 0.769,  Adjusted R-Squared 0.736
F-statistic vs. constant model: 19.3, p-value = 1.18e-10 F-statistic vs. constant model: 23.3, p-value = 6.66e-12
Model 1: Multifactor Model Greece Model 1: Multifactor Model Greece
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 1667.9 1291.4 1.2915 0.20358 (Intercept) 9010.8 4171.6 2.16 0.036525
VIXINDEX 36.313 22.311 1.6276 0.1111 VIXINDEX 69.909 72.071 0.97001 0.3376
DGDP -4134.9 1641.9 -2.5184 0.015687 DGDP -13281 5303.7 -2.5041 0.016245
GDPGR -28299 9567.6 -2.9578 0.0050689 GDPGR -71847 30905 -2.3247 0.024994
INF 10542 24932 0.42283 0.67458 INF -14632 80534 -0.18169 0.8567
UR 264.38 70.83 3.7326 0.00056342 UR 557.11 228.8 2.4349 0.019223
BA 0.35107 0.23137 1.5173 0.13667 BA 2.4993 0.74739 3.344 0.0017457
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 1.06e+03 Root Mean Squared Error: 3.41e+03
R-squared: 0.63,  Adjusted R-Squared 0.577 R-squared: 0.483,  Adjusted R-Squared 0.409
F-statistic vs. constant model: 11.9, p-value = 9.13e-08 F-statistic vs. constant model: 6.53, p-value = 6.33e-05
Model 1: Multifactor Model Hungary Model 1: Multifactor Model Hungary
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 592.39 178.8 3.3132 0.0019052 (Intercept) -654.36 122.42 -5.3453 3.45E-06
VIXINDEX 8.4505 2.3972 3.5251 0.0010375 VIXINDEX 5.2847 1.6413 3.2198 0.0024761
DGDP -1201.2 345.62 -3.4754 0.0011982 DGDP 477.75 236.63 2.019 0.049903
GDPGR -145.07 410.74 -0.3532 0.72571 GDPGR 76.305 281.22 0.27134 0.78746
INF 4190.1 1499.9 2.7935 0.007821 INF 941.79 1027 0.91707 0.36434
UR 54.464 14.272 3.8162 0.00043894 UR 40.045 9.7713 4.0983 0.0001861
BA 9.5143 2.8652 3.3207 0.0018649 BA 5.5798 1.9617 2.8444 0.0068469
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 114 Root Mean Squared Error: 78
R-squared: 0.636,  Adjusted R-Squared 0.584 R-squared: 0.816,  Adjusted R-Squared 0.79
F-statistic vs. constant model: 12.2, p-value = 6.57e-08 F-statistic vs. constant model: 31, p-value = 6.29e-14
Model 1: Multifactor Model Ireland Model 1: Multifactor Model Ireland
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -500.62 105.74 -4.7343 2.51E-05 (Intercept) -375.75 65.427 -5.743 9.30E-07
VIXINDEX 1.2522 3.2098 0.39011 0.69842 VIXINDEX 2.5463 1.986 1.2822 0.20682
DGDP -645.09 148.78 -4.3357 8.90E-05 DGDP -463.59 92.057 -5.0359 9.47E-06
GDPGR 5880.2 2035.1 2.8894 0.0060822 GDPGR 3247.5 1259.2 2.579 0.0135
INF 6491.9 3356.6 1.9341 0.059861 INF 5536.7 2076.8 2.666 0.010851
UR 102.68 16.872 6.0859 2.99E-07 UR 71.148 10.439 6.8154 2.67E-08
BA 5.561 2.9079 1.9124 0.062665 BA 9.6162 1.7992 5.3447 3.45E-06
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 134 Root Mean Squared Error: 82.6
R-squared: 0.765,  Adjusted R-Squared 0.731 R-squared: 0.877,  Adjusted R-Squared 0.859
F-statistic vs. constant model: 22.8, p-value = 9.66e-12 F-statistic vs. constant model: 49.8, p-value = 1.59e-17
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Appendix 49: Multifactor Model Results of CDS and Bond Yield Spreads of Italy 
 
 
Appendix 50: Multifactor Model Results of CDS and Bond Yield Spreads of Netherlands 
 
 
Appendix 51: Multifactor Model Results of CDS and Bond Yield Spreads of Poland 
 
 
Appendix 52: Multifactor Model Results of CDS and Bond Yield Spreads of Portugal 
Model 1: Multifactor Model Italy Model 1: Multifactor Model Italy
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -262.76 249.84 -1.0517 0.29894 (Intercept) -415.8 254.11 -1.6363 0.10925
VIXINDEX 1.507 2.0559 0.733 0.46763 VIXINDEX 2.7552 2.0911 1.3176 0.19479
DGDP 147.25 343.56 0.42861 0.6704 DGDP 327.71 349.43 0.93783 0.35369
GDPGR -1570.5 3021.3 -0.5198 0.60593 GDPGR -1815.2 3073 -0.59068 0.5579
INF 6912.8 2600.7 2.6581 0.01107 INF 6193.4 2645.1 2.3414 0.024029
UR 6.6306 19.853 0.33399 0.74005 UR 1.2471 20.192 0.06176 0.95105
BA 17.732 4.8186 3.6798 0.00065906 BA 15.583 4.901 3.1796 0.0027694
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 93.4 Root Mean Squared Error: 95
R-squared: 0.579,  Adjusted R-Squared 0.519 R-squared: 0.58,  Adjusted R-Squared 0.52
F-statistic vs. constant model: 9.62, p-value = 1.18e-06 F-statistic vs. constant model: 9.68, p-value = 1.09e-06
Model 1: Multifactor Model Netherlands Model 1: Multifactor Model Netherlands
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -19.166 21.942 -0.8735 0.38736 (Intercept) -34.115 32.887 -1.0374 0.30551
VIXINDEX 0.089881 0.37707 0.23837 0.81276 VIXINDEX -0.013431 0.56516 -0.023765 0.98115
DGDP 58.268 71.504 0.81489 0.41973 DGDP 220.99 107.17 2.062 0.045425
GDPGR -435.37 461.28 -0.94385 0.35065 GDPGR -256.57 691.37 -0.3711 0.71243
INF -0.22708 197.04 -0.001153 0.99909 INF 293.52 295.33 0.99389 0.32597
UR -1.7217 4.9543 -0.34751 0.72994 UR -12.148 7.4256 -1.636 0.10932
BA 2.9001 1.2789 2.2676 0.028559 BA 3.6023 1.9169 1.8793 0.06716
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 14.3 Root Mean Squared Error: 21.4
R-squared: 0.489,  Adjusted R-Squared 0.416 R-squared: 0.565,  Adjusted R-Squared 0.503
F-statistic vs. constant model: 6.69, p-value = 5.09e-05 F-statistic vs. constant model: 9.08, p-value = 2.25e-06
Model 1: Multifactor Model Poland Model 1: Multifactor Model Poland
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -895.04 130.6 -6.8532 2.36E-08 (Intercept) -555.16 89.914 -6.1743 2.23E-07
VIXINDEX 7.5247 1.3745 5.4746 2.25E-06 VIXINDEX 5.5962 0.94627 5.914 5.28E-07
DGDP 1734.7 211.3 8.2097 2.86E-10 DGDP 1073.3 145.47 7.3782 4.20E-09
GDPGR 889.6 230.32 3.8624 0.00038197 GDPGR -21.845 158.57 -0.13777 0.89108
INF 1761.8 1069.8 1.6468 0.10707 INF 1995.1 736.54 2.7087 0.0097322
UR 8.5323 2.3357 3.6531 0.00071318 UR -1.7258 1.608 -1.0733 0.28928
BA 7.3211 2.9799 2.4568 0.018233 BA 1.8952 2.0516 0.9238 0.36087
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 51.8 Root Mean Squared Error: 35.7
R-squared: 0.707,  Adjusted R-Squared 0.666 R-squared: 0.813,  Adjusted R-Squared 0.787
F-statistic vs. constant model: 16.9, p-value = 8.12e-10 F-statistic vs. constant model: 30.5, p-value = 8.46e-14
Model 1: Multifactor Model Portugal Model 1: Multifactor Model Portugal
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -97.358 174.13 -0.5591 0.57906 (Intercept) -175.42 135.32 -1.2963 0.20193
VIXINDEX 1.4571 3.7373 0.38989 0.69859 VIXINDEX 3.1248 2.9042 1.076 0.28808
DGDP -236.28 292.41 -0.80805 0.42361 DGDP -105.69 227.23 -0.46512 0.64425
GDPGR -5778.1 5496.1 -1.0513 0.29913 GDPGR -3025.1 4270.9 -0.70831 0.48267
INF 5008.1 3351.4 1.4943 0.14256 INF 4058.1 2604.3 1.5582 0.12668
UR 32.444 28.339 1.1449 0.25874 UR 26.193 22.021 1.1894 0.24095
BA 17.012 2.5065 6.787 2.93E-08 BA 13.362 1.9478 6.86 2.31E-08
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 168 Root Mean Squared Error: 131
R-squared: 0.826,  Adjusted R-Squared 0.801 R-squared: 0.838,  Adjusted R-Squared 0.815
F-statistic vs. constant model: 33.2, p-value = 1.98e-14 F-statistic vs. constant model: 36.3, p-value = 4.45e-15
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Appendix 53: Multifactor Model Results of CDS and Bond Yield Spreads of Spain 
 
 
Appendix 54: Multifactor Model Results of CDS and Bond Yield Spreads of Sweden 
 
 
Appendix 55: Multifactor Model Results of CDS and Bond Yield Spreads of Turkey 
 
 
Appendix 56: Multifactor Model Results of CDS and Bond Yield Spreads of United Kingdom 
Model 1: Multifactor Model Spain Model 1: Multifactor Model Spain
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -165.32 97.213 -1.7006 0.096407 (Intercept) -190.75 100.72 -1.8938 0.065148
VIXINDEX -2.8806 1.4985 -1.9223 0.061362 VIXINDEX -1.9645 1.5525 -1.2654 0.21272
DGDP -724.36 182.64 -3.966 0.00027903 DGDP -863.35 189.23 -4.5625 4.35E-05
GDPGR 5935.9 3389.3 1.7514 0.087185 GDPGR 7059.8 3511.5 2.0104 0.050834
INF 176.16 1069.9 0.16465 0.87001 INF 405.32 1108.5 0.36566 0.71646
UR 38.5 9.6253 3.9999 0.00025167 UR 44.621 9.9724 4.4744 5.75E-05
BA 16.439 3.4425 4.7751 2.20E-05 BA 15.496 3.5667 4.3446 8.65E-05
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 63.4 Root Mean Squared Error: 65.7
R-squared: 0.812,  Adjusted R-Squared 0.785 R-squared: 0.813,  Adjusted R-Squared 0.786
F-statistic vs. constant model: 30.2, p-value = 9.77e-14 F-statistic vs. constant model: 30.4, p-value = 9.12e-14
Model 1: Multifactor Model Sweden Model 1: Multifactor Model Sweden
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 84.976 77.323 1.099 0.27804 (Intercept) -1.4117 32.539 -0.043385 0.9656
VIXINDEX -1.7372 0.73687 -2.3575 0.02313 VIXINDEX 1.3419 0.31009 4.3274 9.13E-05
DGDP -232.3 129.55 -1.7932 0.080146 DGDP -146.82 54.517 -2.6932 0.010126
GDPGR 279.81 180.28 1.5521 0.12813 GDPGR 75.554 75.865 0.9959 0.325
INF -800.71 1108.1 -0.72262 0.47392 INF -332.73 466.3 -0.71355 0.47945
UR 7.2512 5.0932 1.4237 0.16193 UR 6.0614 2.1434 2.828 0.0071479
BA 4.8079 2.4102 1.9948 0.052576 BA 3.1776 1.0143 3.1329 0.0031505
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 30.5 Root Mean Squared Error: 12.8
R-squared: 0.363,  Adjusted R-Squared 0.272 R-squared: 0.753,  Adjusted R-Squared 0.718
F-statistic vs. constant model: 3.98, p-value = 0.00304 F-statistic vs. constant model: 21.3, p-value = 2.63e-11
Model 1: Multifactor Model Turkey Model 1: Multifactor Model Turkey
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 246.65 125.23 1.9695 0.055511 (Intercept) -7.9469 90.134 -0.088168 0.93016
VIXINDEX 2.0373 1.972 1.0331 0.30745 VIXINDEX 5.1138 1.4193 3.6031 0.0008262
DGDP -16.157 163.04 -0.099097 0.92153 DGDP 454.73 117.34 3.8751 0.0003676
GDPGR -76.281 221.03 -0.34512 0.73173 GDPGR -165.94 159.08 -1.0431 0.30286
INF -427.73 1143.6 -0.37402 0.71027 INF 257.87 823.07 0.3133 0.75561
UR 3.4365 11.262 0.30515 0.76176 UR -5.5279 8.1053 -0.68201 0.49897
BA -0.15212 0.35829 -0.42457 0.67332 BA 0.25705 0.25787 0.99681 0.32456
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 96.7 Root Mean Squared Error: 69.6
R-squared: 0.0626,  Adjusted R-Squared -0.0713 R-squared: 0.399,  Adjusted R-Squared 0.314
F-statistic vs. constant model: 0.468, p-value = 0.828 F-statistic vs. constant model: 4.66, p-value = 0.00103
Model 1: Multifactor Model United Kingdom Model 1: Multifactor Model United Kingdom
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 232.85 32.201 7.2309 6.81E-09 (Intercept) -93.658 14.711 -6.3664 1.18E-07
VIXINDEX -1.5754 0.4667 -3.3756 0.0015956 VIXINDEX 1.2691 0.21322 5.952 4.66E-07
DGDP 117.99 32.97 3.5787 0.00088739 DGDP -37.605 15.063 -2.4966 0.016547
GDPGR 386.89 88.506 4.3713 7.96E-05 GDPGR 21.412 40.435 0.52954 0.59922
INF -899.63 777.92 -1.1565 0.25403 INF -393.14 355.4 -1.1062 0.27493
UR -34.036 4.2674 -7.9758 6.05E-10 UR 18.821 1.9496 9.6539 3.18E-12
BA 3.2095 1.5047 2.133 0.038816 BA 3.1885 0.68744 4.6382 3.41E-05
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 24.7 Root Mean Squared Error: 11.3
R-squared: 0.823,  Adjusted R-Squared 0.798 R-squared: 0.82,  Adjusted R-Squared 0.794
F-statistic vs. constant model: 32.6, p-value = 2.76e-14 F-statistic vs. constant model: 31.8, p-value = 4.16e-14
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Appendix 57: Multifactor Model Results of CDS and Bond Yield Spreads of Group 1 
 
 
Appendix 58: Multifactor Model Results of CDS and Bond Yield Spreads of Group 2 
 
 
Appendix 59: Multifactor Model Results of CDS and Bond Yield Spreads of Group 3 
Model 1: Multifactor Model Group 1 Model 1: Multifactor Model Group 1
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -64.141 25.792 -2.4869 0.016945 (Intercept) -188.32 40.344 -4.6679 3.11E-05
VIXINDEX 0.64699 0.31942 2.0255 0.049196 VIXINDEX 1.8812 0.49964 3.7651 0.0005114
DGDP 81.887 18.712 4.3762 7.83E-05 DGDP 148.4 29.27 5.0702 8.47E-06
GDPGR 1.2954 437.01 0.0029642 0.99765 GDPGR 1016.6 683.58 1.4871 0.14445
INF 717.95 471.72 1.522 0.13551 INF 1590 737.88 2.1548 0.036957
UR 0.76919 3.4549 0.22264 0.8249 UR 6.8663 5.4042 1.2705 0.21089
BA 3.1866 1.3388 2.3802 0.02192 BA 7.2063 2.0942 3.4411 0.0013227
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 13.3 Root Mean Squared Error: 20.8
R-squared: 0.614,  Adjusted R-Squared 0.558 R-squared: 0.736,  Adjusted R-Squared 0.699
F-statistic vs. constant model: 11.1, p-value = 2.14e-07 F-statistic vs. constant model: 19.5, p-value = 9.93e-11
Model 1: Multifactor Model Group 2 Model 1: Multifactor Model Group 2
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -639.81 155.97 -4.1022 0.00018387 (Intercept) -1002.7 125.92 -7.963 6.30E-10
VIXINDEX 9.8623 1.6412 6.0093 3.85E-07 VIXINDEX 7.3427 1.325 5.5416 1.81E-06
DGDP 566.89 201.73 2.8101 0.0074893 DGDP 1408.9 162.87 8.6502 7.06E-11
GDPGR 742.36 316.65 2.3444 0.023863 GDPGR 173.57 255.65 0.67894 0.5009
INF 3135.5 1170 2.68 0.010471 INF 1786.7 944.59 1.8915 0.065461
UR 38.007 6.4689 5.8754 6.00E-07 UR 10.54 5.2227 2.0181 0.049998
BA 9.4271 2.9301 3.2173 0.0024938 BA 3.2668 2.3657 1.3809 0.17461
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 68.5 Root Mean Squared Error: 55.3
R-squared: 0.74,  Adjusted R-Squared 0.703 R-squared: 0.82,  Adjusted R-Squared 0.795
F-statistic vs. constant model: 20, p-value = 7.25e-11 F-statistic vs. constant model: 31.9, p-value = 3.86e-14
Model 1: Multifactor Model Group 3 Model 1: Multifactor Model Group 3
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -268.81 161.08 -1.6688 0.1026 (Intercept) -270.21 109.97 -2.4571 0.01822
VIXINDEX 1.6511 3.0159 0.54748 0.58695 VIXINDEX 2.9427 2.059 1.4291 0.16036
DGDP -526.41 163.4 -3.2217 0.0024634 DGDP -445.19 111.56 -3.9908 0.0002588
GDPGR 1120.2 3568.6 0.3139 0.75515 GDPGR 1353.7 2436.4 0.55562 0.58142
INF 2881.5 3520.4 0.81852 0.41768 INF 2367.9 2403.5 0.98521 0.33016
UR 70.155 16.553 4.2382 0.00012068 UR 61.082 11.301 5.4048 2.84E-06
BA 10.51 2.3179 4.5341 4.76E-05 BA 11.485 1.5825 7.2573 6.24E-09
Number of observations: 49, Error degrees of freedom: 42 Number of observations: 49, Error degrees of freedom: 42
Root Mean Squared Error: 120 Root Mean Squared Error: 81.9
R-squared: 0.763,  Adjusted R-Squared 0.729 R-squared: 0.873,  Adjusted R-Squared 0.854
F-statistic vs. constant model: 22.5, p-value = 1.15e-11 F-statistic vs. constant model: 47.9, p-value = 3.18e-17
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Appendix 60: Pooled Panel Model Results of CDS and Bond Yield Spreads 
 
 
   
Appendix 61: Pooled vs. Fixed-Effects Panel Plots 
Model 2: Pooled Panel Model Model 2: Pooled Panel Model
    YSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA     CSPR5Y ~ 1 + VIXINDEX + DGDP + GDPGR + INF + UR + BA
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -604.48 61.372 -9.8494 1.20E-21 (Intercept) -975.15 162.38 -6.0054 2.93E-09
VIXINDEX 3.1613 2.3468 1.3471 0.17835 VIXINDEX 1.9829 6.2092 0.31935 0.74955
DGDP 342.68 56.72 6.0416 2.37E-09 DGDP 598.88 150.07 3.9907 7.21E-05
GDPGR -598.22 518.71 -1.1533 0.24915 GDPGR -1703.6 1372.4 -1.2413 0.21487
INF 5619.4 1801.3 3.1196 0.001878 INF 5770.3 4766 1.2107 0.22637
UR 47.88 3.7907 12.631 2.13E-33 UR 69.732 10.029 6.9527 7.60E-12
BA 6.7549 9.3968 0.71885 0.47245 BA 18.359 24.862 0.73844 0.46047
Number of observations: 784, Error degrees of freedom: 777 Number of observations: 784, Error degrees of freedom: 777
Root Mean Squared Error: 420 Root Mean Squared Error: 1.11e+03
R-squared: 0.319,  Adjusted R-Squared 0.314 R-squared: 0.141,  Adjusted R-Squared 0.134
F-statistic vs. constant model: 60.8, p-value = 9.45e-62 F-statistic vs. constant model: 21.2, p-value = 4.17e-23
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Appendix 62: Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads 
 
 
Appendix 63: Fixed-Effects Panel Plots of VIX Index and Debt-to-GDP 
Model 2: Fixed-Effects Model (Groups) Model 2: Fixed-Effects Model (Groups)
    YSPR5Y ~ [Linear formula with 21 terms in 8 predictors]     CSPR5Y ~ [Linear formula with 21 terms in 8 predictors]
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -44.863 87.408 -0.51326 0.60792 (Intercept) -97.322 227.24 -0.42828 0.66857
VIXINDEX 1.4289 2.0583 0.69421 0.48776 VIXINDEX 2.8055 5.351 0.52429 0.60023
DGDP -89.875 79.744 -1.127 0.26008 DGDP -7.0374 207.31 -0.033946 0.97293
GDPGR 767.02 553.02 1.387 0.16586 GDPGR 472.52 1437.7 0.32866 0.7425
INF 3028.3 2090 1.449 0.14775 INF 2723.7 5433.4 0.50129 0.61631
UR 13.891 8.8916 1.5622 0.11865 UR 11.056 23.116 0.47829 0.63258
BA 0.96503 1.1741 0.82197 0.41135 BA 1.2456 3.0522 0.40808 0.68333
DV_G2 -209.11 292.46 -0.71501 0.47482 DV_G2 -394.52 760.33 -0.51888 0.604
DV_G3 -358.87 143.13 -2.5073 0.012374 DV_G3 155.84 372.11 0.41881 0.67548
VIXINDEX:DV_G2 4.7937 5.6663 0.84599 0.39782 VIXINDEX:DV_G2 4.4071 14.731 0.29917 0.76489
DGDP:DV_G2 743.99 339.28 2.1928 0.028621 DGDP:DV_G2 614.19 882.05 0.69632 0.48644
GDPGR:DV_G2 -527.6 1067.3 -0.49432 0.62122 GDPGR:DV_G2 -338.74 2774.8 -0.12208 0.90287
INF:DV_G2 1481.8 4171.4 0.35522 0.72253 INF:DV_G2 -1719.8 10845 -0.15858 0.87404
UR:DV_G2 -10.508 14.382 -0.73066 0.46521 UR:DV_G2 -3.642 37.39 -0.097406 0.92243
BA:DV_G2 4.7404 7.8152 0.60656 0.54432 BA:DV_G2 4.4596 20.318 0.2195 0.82632
VIXINDEX:DV_G3 -3.2337 3.634 -0.88985 0.37382 VIXINDEX:DV_G3 -12.332 9.4475 -1.3053 0.19219
DGDP:DV_G3 541.32 104.96 5.1573 3.1963E-07 DGDP:DV_G3 312.75 272.88 1.1461 0.2521
GDPGR:DV_G3 -15412 2112.1 -7.2969 7.40E-13 GDPGR:DV_G3 -28208 5490.9 -5.1373 3.54E-07
INF:DV_G3 206.49 3691.2 0.055941 0.9554 INF:DV_G3 -3882.7 9596.2 -0.40461 0.68588
UR:DV_G3 16.651 10.005 1.6643 0.096466 UR:DV_G3 13.228 26.01 0.50858 0.61119
BA:DV_G3 -0.1319 1.1759 -0.11217 0.91072 BA:DV_G3 1.9524 3.0571 0.63865 0.52324
Number of observations: 784, Error degrees of freedom: 763 Number of observations: 784, Error degrees of freedom: 763
Root Mean Squared Error: 347 Root Mean Squared Error: 902
R-squared: 0.543,  Adjusted R-Squared 0.531 R-squared: 0.443,  Adjusted R-Squared 0.428
F-statistic vs. constant model: 45.3, p-value = 4.43e-115 F-statistic vs. constant model: 30.3, p-value = 4.75e-83
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Appendix 64: Fixed-Effects Panel Plots of Unemployment Rate and Debt-to-GDP Ratio 
 
 
Appendix 65: Fixed-Effects Panel Plots of Inflation Rate and Bid-Ask Spread 
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Appendix 66: Time Fixed-Effects Models of all Periods (Consolidated) 
 
 
Appendix 67: Time Fixed-Effects Panel Plots of VIX Index 
 
 
Appendix 68: Time Fixed-Effects Panel Plots of Debt-to-GDP Ratio 
 TIME FIXED-EFFECTS MODEL OUTPUT (CONSOLIDATED Values in bps)
Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat Coefficients tStat
(Intercept) -32.905 -0.55087 -739.45 -7.3785 -791.64 -2.9974 -13.533 -0.49369 -1051.8 -6.5581 -1425.8 0.075293
VIXINDEX 2.9018 0.63351 3.6343 1.3773 7.6617 0.54485 1.9582 0.93157 5.7308 1.3572 6.0612 0.88671
DGDP -76.673 -2.1901 541.74 7.3111 326.57 2.2926 -9.0069 -0.56062 778.24 6.563 651.08 0.13172
GDPGR 1296.1 4.3728 -495.37 -0.89129 -2591.4 -1.3701 963.83 7.0859 -514.66 -0.57863 -7683.5 0.18015
INF 4111 3.9509 4864.3 2.1709 10024 1.9279 2361.2 4.9448 3058.1 0.85284 17922 0.25518
UR 9.0518 3.4615 47.121 8.1593 57.241 6.9501 -0.61675 -0.51393 58.901 6.3732 88.292 0.000466
BA -8.0424 -0.44768 5.5263 0.59247 13.387 0.50125 -5.5008 -0.66723 6.8415 0.45833 57.268 0.47871
RMSE 118 336 609 54.2 537 1.84E+03
Adj. R-Sq. 0.253 0.36 0.32 0.33 0.276 0.118
YSPR_P1 YSPR_P2 YSPR_P3 CSPR_P1 CSPR_P2 CSPR_P3
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Appendix 69: Time Fixed-Effects Panel Plots of GDP Growth Rate 
 
Appendix 70: Time Fixed-Effects Panel Plots of Inflation Rate 
 
Appendix 71: Time Fixed-Effects Panel Plots of Unemployment Rate 
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Appendix 72: Time Fixed-Effects Panel Plots of Bid-Ask Spread 
 
 
Appendix 73: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads (Time Panel 1) 
Model 2: Time Fixed-Effects Model (Time Panel 1) Model 2: Time Fixed-Effects Model (Time Panel 1)
    YSPR5Y ~ [Linear formula with 21 terms in 8 predictors]     CSPR5Y ~ [Linear formula with 21 terms in 8 predictors]
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) 1.0399 47.39 0.021944 0.98251 (Intercept) -53.953 33.802 -1.5962 0.1119
VIXINDEX 4.6056 3.535 1.3029 0.19399 VIXINDEX 4.3521 2.5214 1.7261 0.085748
DGDP -115.78 38.836 -2.9813 0.0031949 DGDP -54.11 27.701 -1.9534 0.052049
GDPGR 1473.4 216.53 6.8045 9.562E-11 GDPGR 1051.3 154.45 6.8072 9.4194E-11
INF 3385.8 845.06 4.0066 8.4433E-05 INF 3519.4 602.75 5.8388 1.8809E-08
UR 3.835 3.3623 1.1406 0.25529 UR 4.2662 2.3982 1.7789 0.076645
BA -13.333 13.94 -0.95648 0.33988 BA -5.1584 9.9429 -0.5188 0.60442
DV_G2 -661.96 268.65 -2.464 0.01451 DV_G2 -1.0284 191.62 -0.0053669 0.99572
DV_G3 -5.9113 78.845 -0.074974 0.9403 DV_G3 79.267 56.238 1.4095 0.16011
VIXINDEX:DV_G2 25.917 9.5398 2.7167 0.0071203 VIXINDEX:DV_G2 -4.6713 6.8045 -0.6865 0.49312
DGDP:DV_G2 1295.6 310.74 4.1693 0.00004402 DGDP:DV_G2 154.78 221.64 0.69833 0.48571
GDPGR:DV_G2 -778.5 441.96 -1.7615 0.079553 GDPGR:DV_G2 -1153.8 315.24 -3.66 0.00031609
INF:DV_G2 -3650 2050.1 -1.7804 0.076404 INF:DV_G2 -3098.8 1462.3 -2.1191 0.035207
UR:DV_G2 -3.9019 5.4839 -0.71152 0.47752 UR:DV_G2 -2.8973 3.9115 -0.7407 0.45967
BA:DV_G2 -32.311 32.79 -0.9854 0.32552 BA:DV_G2 10.103 23.388 0.43196 0.66619
VIXINDEX:DV_G3 -5.4152 5.874 -0.9219 0.3576 VIXINDEX:DV_G3 -4.1645 4.1898 -0.99396 0.32134
DGDP:DV_G3 136.17 49.417 2.7557 0.0063508 DGDP:DV_G3 55.807 35.247 1.5833 0.1148
GDPGR:DV_G3 -1397.2 727.29 -1.921 5.60E-02 GDPGR:DV_G3 -1074.1 518.75 -2.0705 3.96E-02
INF:DV_G3 -3174.1 1448.3 -2.1916 0.029464 INF:DV_G3 -3481.6 1033 -3.3703 0.00088733
UR:DV_G3 -3.8607 5.5934 -0.69023 0.49078 UR:DV_G3 -6.4045 3.9896 -1.6053 0.10987
BA:DV_G3 14.125 23.196 0.60895 0.54319 BA:DV_G3 3.606 16.545 0.21795 0.82767
Number of observations: 240, Error degrees of freedom: 219 Number of observations: 240, Error degrees of freedom: 219
Root Mean Squared Error: 68.4 Root Mean Squared Error: 48.8
R-squared: 0.771,  Adjusted R-Squared 0.75 R-squared: 0.503,  Adjusted R-Squared 0.458
F-statistic vs. constant model: 36.8, p-value = 8.6e-59 F-statistic vs. constant model: 11.1, p-value = 1.15e-23
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Appendix 74: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads (Time Panel 2) 
 
 
Appendix 75: Time Fixed-Effects Panel Model Results of CDS and Bond Yield Spreads (Time Panel 3) 
Model 2: Time Fixed-Effects Model (Time Panel 2) Model 2: Time Fixed-Effects Model (Time Panel 2)
    YSPR5Y ~ [Linear formula with 21 terms in 8 predictors]     CSPR5Y ~ [Linear formula with 21 terms in 8 predictors]
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -129.98 127.28 -1.0213 0.30806 (Intercept) -151.38 221.53 -0.68332 0.49499
VIXINDEX 1.9408 2.9255 0.66339 0.50765 VIXINDEX 2.4078 5.0918 0.47289 0.63668
DGDP -38.672 108.7 -0.35575 0.72231 DGDP 26.23 189.2 0.13864 0.88984
GDPGR 511.51 634.22 0.80652 0.42066 GDPGR 306.25 1103.9 0.27743 0.78166
INF 2353 2564.5 0.91755 0.35968 INF 2167.1 4463.4 0.48552 0.62771
UR 16.797 10.923 1.5377 0.1253 UR 14.971 19.012 0.78747 0.43171
BA 4.5927 10.466 0.43884 0.66114 BA 5.8564 18.215 0.32151 0.74807
DV_G2 -397.77 518.8 -0.76671 0.44393 DV_G2 -553.27 902.97 -0.61273 0.54058
DV_G3 -1029.5 211.9 -4.8584 2.0193E-06 DV_G3 -1765 368.81 -4.7857 2.8244E-06
VIXINDEX:DV_G2 5.5057 8.8824 0.61984 0.53589 VIXINDEX:DV_G2 3.0483 15.46 0.19718 0.84384
DGDP:DV_G2 995.43 488.47 2.0379 0.04255 DGDP:DV_G2 329.02 850.17 0.387 0.69906
GDPGR:DV_G2 -441.26 1201 -0.36742 0.7136 GDPGR:DV_G2 -584.87 2090.3 -0.2798 0.77985
INF:DV_G2 631.79 5790.1 0.10912 0.91319 INF:DV_G2 -737.59 10078 -0.073192 0.94171
UR:DV_G2 -7.7543 53.41 -0.14518 0.88467 UR:DV_G2 34.546 92.96 0.37162 0.71047
BA:DV_G2 9.1064 25.454 0.35775 0.72081 BA:DV_G2 13.371 44.303 0.3018 0.76304
VIXINDEX:DV_G3 -0.043609 4.9991 -0.0087233 0.99305 VIXINDEX:DV_G3 6.767 8.7009 0.77773 0.43742
DGDP:DV_G3 1037.2 141.48 7.331 2.7266E-12 DGDP:DV_G3 1374.7 246.25 5.5824 5.8256E-08
GDPGR:DV_G3 -11303 3060.5 -3.6933 2.68E-04 GDPGR:DV_G3 -16595 5326.8 -3.1153 2.04E-03
INF:DV_G3 -1073.7 4777.2 -0.22475 0.82234 INF:DV_G3 -1021.2 8314.7 -0.12282 0.90234
UR:DV_G3 35.827 13.084 2.7382 0.0065933 UR:DV_G3 62.889 22.773 2.7616 0.0061515
BA:DV_G3 -9.8775 17.866 -0.55286 0.58082 BA:DV_G3 -13.583 31.096 -0.43682 0.66259
Number of observations: 288, Error degrees of freedom: 267 Number of observations: 288, Error degrees of freedom: 267
Root Mean Squared Error: 282 Root Mean Squared Error: 491
R-squared: 0.579,  Adjusted R-Squared 0.547 R-squared: 0.437,  Adjusted R-Squared 0.395
F-statistic vs. constant model: 18.3, p-value = 3.05e-39 F-statistic vs. constant model: 10.4, p-value = 1.71e-23
Model 2: Time Fixed-Effects Model (Time Panel 3) Model 2: Time Fixed-Effects Model (Time Panel 3)
    YSPR5Y ~ [Linear formula with 21 terms in 8 predictors]     CSPR5Y ~ [Linear formula with 21 terms in 8 predictors]
Estimated Coefficients: Estimated Coefficients:
Estimate SE tStat pValue Estimate SE tStat pValue
(Intercept) -81.689 364.66 -0.22402 0.82294 (Intercept) -82.169 1270.6 -0.064667 0.94849
VIXINDEX 4.5873 15.54 0.29519 0.76811 VIXINDEX 2.8005 54.151 0.051717 0.9588
DGDP -112.53 186.55 -0.60325 0.54692 DGDP -17.853 650.03 -0.027466 0.97811
GDPGR 933.04 2000.8 0.46633 0.64141 GDPGR 220.49 6971.9 0.031625 0.9748
INF 5871.6 5991.1 0.98004 0.32807 INF 4273.9 20876 0.20473 0.83796
UR 19.28 28.382 0.67929 0.49762 UR 13.084 98.898 0.1323 0.89486
BA -6.5938 29.991 -0.21986 0.82617 BA -1.6786 104.5 -0.016063 0.9872
DV_G2 -670 1186.8 -0.56454 0.57292 DV_G2 -709.77 4135.4 -0.17163 0.86387
DV_G3 -2497.3 648.37 -3.8517 0.00015132 DV_G3 -3578 2259.3 -1.5837 0.11461
VIXINDEX:DV_G2 5.2512 39.547 0.13278 0.89448 VIXINDEX:DV_G2 6.859 137.8 0.049774 0.96034
DGDP:DV_G2 639.51 757.42 0.84433 0.39935 DGDP:DV_G2 655.15 2639.3 0.24823 0.80417
GDPGR:DV_G2 -389.98 3606.4 -0.10814 0.91398 GDPGR:DV_G2 258.19 12567 0.020546 0.98363
INF:DV_G2 -1181.8 12749 -0.092696 0.92622 INF:DV_G2 -424.9 44426 -0.0095643 0.99238
UR:DV_G2 41.055 75.496 0.5438 0.58709 UR:DV_G2 25.642 263.07 0.097472 0.92243
BA:DV_G2 17.534 70.642 0.24821 0.80419 BA:DV_G2 10.112 246.15 0.041081 0.96727
VIXINDEX:DV_G3 35.554 26.461 1.3436 0.18036 VIXINDEX:DV_G3 67.074 92.203 0.72746 0.46767
DGDP:DV_G3 1526.1 308.31 4.9501 1.4159E-06 DGDP:DV_G3 1814.8 1074.3 1.6893 0.092497
GDPGR:DV_G3 -42697 6998.5 -6.1008 4.31E-09 GDPGR:DV_G3 -96145 24387 -3.9426 1.06E-04
INF:DV_G3 11579 11456 1.0107 0.31319 INF:DV_G3 45631 39918 1.1431 0.25415
UR:DV_G3 21.424 30.475 0.70301 0.48275 UR:DV_G3 34.784 106.19 0.32756 0.74353
BA:DV_G3 48.672 50.628 0.96137 0.33736 BA:DV_G3 168.53 176.41 0.95532 0.3404
Number of observations: 256, Error degrees of freedom: 235 Number of observations: 256, Error degrees of freedom: 235
Root Mean Squared Error: 510 Root Mean Squared Error: 1.78e+03
R-squared: 0.561,  Adjusted R-Squared 0.524 R-squared: 0.244,  Adjusted R-Squared 0.18
F-statistic vs. constant model: 15, p-value = 9.13e-32 F-statistic vs. constant model: 3.8, p-value = 3.45e-07
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Appendix 76: Mathematical Notation and Terminology 
 
Appendix 77: Overview of Yield Spread Coefficients (MATLAB Prediction Slice Plots) 
 
Appendix 78: Overview of CDS Spread Coefficients (MATLAB Prediction Slice Plots) 
Mathematical Notation and Terminology
Notation Description Notation Description
i country a asset-specific return
j quarter q number of factors
k group b factors of the multifactor model
n time period f fundamentals of the multifactor model
t length of a time period, amount of quarters F sum of picecewise constant functions
X exogenous variable set including all time series g classification function
FE fixed-effect dummy variable M amount of piecewise constant functions
T time fixed-effect dummy variable R probability of missclasification
yspr bond yield spreads vix VIX Index (proxy international risk)
cspr credit default swap spreads dgdp Debt-to-GDP ratio (proxy credit risk)
sovrisk yspr respectively cspr gdpgr GDP growth rate (proxy credit risk)
r generic government bond yield inf inflation rate (proxy credit risk)
ur unemployment rate (proxy credit risk)
ba bid-ask spread (proxy liquidity risk) 
MDL1 Model 1, multifactor model related results x1 vix
MDL2 Model 2, panel model related results x2 dgdp
MDL3 Model 3, CART model related results x3 gdpgr
x4 inf
x5 ur
x6 ba
(in bps) 
(in percentage) (in percentage) (in decimal) (in decimal) (in decimal) (in bps) 
(in bps) 
(in percentage) (in percentage) (in decimal) (in decimal) (in decimal) (in bps) 
